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ABSTRACT 


The Alberta Discrete Activity Monitor System (ADAMS) is a 
generalized system designed to apply computer control to discrete, 
real-time operations. Typical applications include plant start-up 
and shutdown, system checkout, and recurring functions such as 
those associated with batch operations. ADAMS is designed to assist 
with each phase of project development from management level plan- 
ning, through detailed project specification and testing, to regular 
implementation and optimization. 

The distinguishing feature of ADAMS is that it uses the 
network analysis concepts popularized by critical path methods (CPM) 
as a basis for project planning and real-time operation. ADAMS 
accepts a coded version of the same network developed during the 
project planning stage and uses it in conjunction with “activity 
latest start times" (calculated by a standard, offline CPM analysis) 
to control the online scheduling of each activity. This eliminates 
the need for the user to program the sequence in which activities 
should be executed, and separates the detailed specification of the 
activities from the project planning. It also permits ADAMS to 
initiate activities in accordance with real-time requirements rather 
chen depending on an apriori fixed sequence. 

ADAMS contains features which aid the computer system 
engineer, the applications engineer, and the process operator but the 
function of each are kept distinctly separate. The computer system 


engineer is presented with a modular program that separates online 
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and offline functions. ADAMS is designed to run on real-time process 
computers in either a timeshared or dedicated environment. It has 
been written to be independent of any particular application and is 
relatively independent of the computer hardware and software system 
on which it is run. The coding used by the application engineer in 
implementing the functions to be accomplished by each activity is a 
"f711-in-the-blanks" procedure designed to assist non-computer 
oriented personnel. He must simply select an appropriate series of 
generalized routines for each activity from a library of unit 
functions and specify the required parameters. The process operator 
is kept fully informed by messages originating within ADAMS or in 
the user specified activities, and can take over complete or partial 
control of the operation at any time. Manual and automatic opera- 
tions can be intermixed and ADAMS can also communicate with and con- 
trol other application programs such as direct digital control (DDC) 
systems. 

ADAMS has been implemented successfully on an IBM 1800 
computer operating under the multi-programming executive (MPX) system. 
Its usefulness has been demonstrated by application to the start-up 
of a pilot plant evaporator, including transfer to DDC control for 
continuous operation. 

The present ADAMS programs do not contain all the features 
in the recommended design but demonstrate the feasibility of a 
generalized approach to the control of discrete activities and is an 


excellent basis for the development of a commercial system. 
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CHAPTER I 
INTRODUCTION 


tee Process Control by Digital Computers 


The continued growth of computer control will depend to a 
considerable extent on the availability of high level, application- 
oriented, software systems. Such systems permit the user to rapidly 
implement computer applications with minimum assistance from the 
vendor and/or programming specialists. Direct digital control (DDC) 


(1) (2) 


programs and supervisory control systems such as PROSPRO and 
Biceps (3) are excellent examples of application programs which have 
greatly assisted computer control of continuous processes. However, 
to date, there has been relatively little effort directed toward the 
generalized control of plant functions which consist of single or 
repeated sequences of discrete steps such as are found in batch 
operations, start-up, system checkout, laboratory applications, etc. 
Development in this area has not lagged because of a lack 
of potential applications. It has lagged because of the difficulty 
in developing a generalized approach. Each application involves 
thousands of separate steps that must be programmed. For example, 
with DDC a few standard control algorithms can be applied, through 
the appropriate selection of parameters, to the majority of industrial 
control problems. In contrast, the start-up of each piece of equipment 
requires a different sequence of operations and checks. Thus computer 
control of discrete activities is more difficult but not impossible. 
A very high degree of flexibility is required within such a 


system because of the nature of automation. Normally, the first step 
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would entail automating the existing operating procedures. Future work 
would no doubt involve reworking such procedures to take greater advan- 
tage of computer capabilities. It is necessary to permit the initial 

work plus following changes to be implemented gradually with a minimum 


upset of plant operations. 


1.2 Objectives ofthe Study 


The objective of the study is the application of computer 
control to process operations consisting of discrete steps such as plant 
start-up, shutdown, batch processes or system checkout. 

Planning for the system proceeded on the basis that any 
particular application would be handled in five distinct phases (see 
Figure 1.1): 

1. project planning and organization 

2. programming details of project for computer 
3. testing 

4, implementation 

5. project re-evaluation and improvement 

The study is directed at aiding work in each of these five 
phases to give the prospective user a definite framework or plan for 
adopting computer control of discrete operations. 

The first specific objective is to make the program as inde- 
pendent as possible of the application it controls and of the computer 
software and hardware system on which it is to be run. Secondly, the 
system is to be designed to assist in developing the initial organiza- 
tion of the project as well as handle as many of the complex scheduling 


tasks during execution as possible. These contributions would greatly 
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Figure 1.1. 


PROJECT PLANNING 
Construction of network 
and CPM analysis 


PROJECT SPECIFICATION 
Detailed specification 
of activities and sub- 
sequent data input 


TESTING 
Program debugging and 
operator training 


IMPLEMENTATION 
Run program in normal 
mode for actual plant 
control 


PROJECT IMPROVEMENT 
Re-evaluate and improve 

procedures and 
parameters used 


MAJOR STEPS IN DEVELOPING A NEW APPLICATION 
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reduce the amount of supervision and bookkeeping left up to the user. 
Finally, the system should be user oriented in order to reduce the 
amount of computer expertise, especially in programming, required of 


the user. 


1.3 Basic Approach of Project 


The first major decision was to use network analysis 


(A) ae 
the planning of each application. This widely used tool provides an 
excellent managerial/technical interface. A project is defined in 
terms of a network of activities. These activities may in turn be 
subdivided into networks consisting of more detailed activities; the 
activities on the most detailed level of network, for this use, being 
composed of programmable steps. The main advantage of defining a job 
on various levels is that work on one level of network is independent 
of work on more or less detailed levels. Work on higher levels only 
affects the initiation time of activities on lower levels. Work on 
lower levels only defines the method employed within activities on that 
particular level and usually does not affect the higher levels. In 
other words, the functions and sequencing dependencies of activities 
within a level can be planned or changed with minimum or no adjustments 
on other levels. 

The next decision was to adopt the network concept as the 
basis to control the sequencing of activities during execution. This 
allows the user to use his most detailed network as input data without 
additional instructions to the system concerning the order of sequencing. 
The network approach also provides a convenient method of documenting 


the project and displaying progress during actual execution. The 
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network arrow diagram with present position of execution can easily be 
displayed on a computer driven plotter or scope for the operator's 
information. 


(4) 


Critical path analysis » a network analysis technique, is 
used to obtain activity latest start times (LST) to be used as priorities 
in sequencing and executing the activities in order to achieve a time 
optimal project. Resource allocation policies may also be implemented 
in the same manner. 

In addition to controlling the initiation of new activities, 
it was decided to design the real-time executive to supervise the 
execution of any number of activities which could occur concurrently 
and to accommodate real-time factors that affect scheduling. For 
example, when several activities are ready to be initiated and/or 
executed the activity latest start times give a relative idea of which 
are more critical. Also, should a particular activity or sequence of 
activities fall behind schedule because of wrong apriori estimates of 
the time required or because of real-time setbacks (eg. equipment 
failure) its priority will become the highest. Hence an ordinarily 
non-critical (timing) activity could be given top priority if real-time 
events delayed its initiation. A priority system for initiating new 
activities is important considering the number of parallel occuring 
activities will normally be restricted by core limitations, which in 
some cases will necessitate the queuing of low priority activities until 
core space becomes available. 

Another decision was to use a "table driven processor" 
approach to implement a high level user language to be used in program- 


ming the activities. Basically a set of subroutines was developed to 
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perform the desired basic functions and the user simply identifies which 
Subroutine he wishes to execute and supplies the required parameters. 
The set contains the basic arithmetic and logic capabilities for control 
calculations and decisions, but also has high level functions for 
process I/0, operator communications, and high speed monitoring functions. 
Programming is a "fill in the blanks" procedure that is easily learned 


without prior computer programming experience. 


1.4 Previous Work 

As previously explained, work in the field of computer control 
of sequential or discrete type operations is not as advanced as that for 
continuous operations. This is mainly because the complexity arising 
from the multitude of details makes the organization and programming 
very difficult. Papers on the subject, although very few, are generally 
in agreement about the existing difficulties but conclude that computer 
control is feasible and can be economical. The need for software 
development is emphasized. Some of the more general comments are 
expressed below. 


(6) 


Itahara claims the justification for computer control of 
batch processes lies in labour reduction and improved productivity. 
He emphasizes the difference between batch and continuous operations, 
Stresses the importance of scheduling equipment to maximize usage, 
and states that a major problem is the development of a scheduling 
algorithm to achieve efficient operation. The computer's high speed 
and ability to swap programs are necessities when controlling several 


processes or more than one step in a single process. An extremely 


important point made is that the development of software can often 
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result in costs that surpass those of initial machine investment. Other 
major problems are the need for equipment/computer failure diagnostic 
programs, the development of a smoothly working system and testing the 
system before using it. 


(7) 


Bacher and Kaufman » also on the subject of computer con- 
trolled batch chemical reactions, developed a prototype computer system 
which they state improved product reproducibility and quality. 

G5fTo-Steltat®! points out that "sequential logic is usually 
highly customized to the particular applications". This confirms the 
view that development of a generalized program to control such opera- 
tions is both needed and difficult. 

In an article on automatic plant start-up using computers, 
published in 1967, Baldridge?) includes a literature survey which 
concludes" practically nothing has been done to apply computers for 
the automatic start-up of chemical processes’. Briefly his incentives 
for computer control include: 

1) errors in human judgement may lead to expensive 
losses or hazardous conditions during start-up; 

2) design and operating cost savings due to tighter 
control of transient stages; 

3) more time available for steady state operation; 

4) extra labour normally required during start-up 
can be reduced; 

5) feasibility of processes now considered “too lively" 
to be handled by operators during start-up or 
shutdown. 


The work reported by Baldridge included the programming of a start-up 
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routine which was tested on a pilot plant. Direct digital control was 
used, a high level language developed and problems such as hot and cold 
Start as well as emergency and normal shutdowns were considered. 

Little about the program itself was described. 


Whitman‘! 


in discussing start-up of a pump under computer 
control underscores the large number of details involved in such 
superficially simple operations. 


(11) 


Baker in a thorough analysis of digital control of batch 
processes lists significant differences between batch and continuous 
operations which make batch automation very difficult but also makes 
the digital control system a potentially powerful tool. He also 
remarks on the lack of technical knowledge in the field and claims 
"many commerically available software systems are severely inadequate 
for batch automation". He concludes that “usually computer control 
of batch operations has a handsome payout". 

| Recent papers, describing newly developed high level process 


Wize) 


control oriented languages , Claim to aid the process engineer 


in programming sequential control programs. Other programs which have 


been developed by computer manufacturers (223214515) 


exclusively for 
their own machines have features which enable the project engineer to 
write his program. Control of sequential processes is included among 
their potential applications. 

Of the systems examined, most placed the burden of sequencing 
and scheduling in the users’ programs. The systems lacked flexibility 


required for general usage and none had a framework to assist the user 


in project organization. 
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1.5 Structure of the Thesis 

The basis for the system design is outlined in Chapters II 
and III and a prototype of the system was implemented on an IBM 1800 
Data Acquisition and Control System in order to test and evaluate 
various design alternatives. The system (ADAMS - Alberta Discrete 
Activity Monitoring System) is written in FORTRAN and works in a time- 
Sharing environment under the standard IBM MPX Poe ADAMS 
can use either the DDC program which has been functional at the 
University of Alberta since 1968 or a user supplied program for process 
I/O. Practical use of ADAMS obtained by starting a pilot plant 
double effect evaporator is outlined in Chapter V. 

There is some redundancy of material in each chapter to make 
them relatively independent of each other so that the reader can refer 
directly to his area of interest. 

In conjunction with the thesis, a program user's manual (17) 


contains detailed information on ADAMS. 
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CHAPTER II 
DESIGN FEATURES CONSIDERED ESSENTIAL 
FOR GENERAL PROCESS CONTROL PROGRAMS 


el Introduction 

This chapter is written to outline general design features 
which are considered essential for a good process control program. 
These programs must be readily adaptable to any process; they must be 
general with respect to computing and plant equipment, plus be designed 
for use by non-computer oriented staff. The features presented here 
are for any program which monitors and/or controls a real-time process, 
not necessarily for discrete processes which are the subject of the 
rest of the thesis. The discussion has been summarized from the view- 
points of: 

1) the project engineering team who are not necessarily 
familiar with computer techniques but are familiar with what features 
must be implemented to ensure safe, efficient plant operation. 

2) the system engineers who are perhaps unfamiliar with 
process requirements but who must adapt the program to meet the 
requirements of a particular application and to run efficiently on 
their real-time computer. 

Any programming system should be implemented so that these functions or 


interests are kept separate and appear transparent to the other. 


apy s Features Provided for the Project Engineer 


This section describes user oriented features considered 


important in a real-time program. In general the project engineer 
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Should not require an extensive knowledge of computer techniques but 
will require a thorough knowledge of the plant operation, control 
techniques, and process calculations as well as the basic capabilities 
of the program he will use. 

The general program should be adaptable to a broad range of 
computer controlled processes, i.e. it must be adaptable to applica- 
tions which vary considerably with respect to size, complexity, time 
scale, automatic vs. manual operations, etc. This means that data 
required for plant control must be available whether entered by the 
operator or entered directly from an instrument. Reading data in some 
cases will be required at high frequency, in other cases only a single 
piece of information will be required. Both options must be available 
to the user. 

Good communications must be maintained between the operator 
and the control program. The extent of the communications will depend 
upon the function of the program but, in general, any error conditions 
or significant changes in plant position should be relayed to the 
operator automatically. Other information should be available upon 
operator request, eg. variables monitored by the program and present 
Status in program. 

Operator control over the program is an essential feature. 
The range of such control could extend from operator approval of all 
steps taken by the program, for instance in a testing mode, to mini- 
mum documentation informing the operator of normal progress. The 
operator should be able to interrupt or suspend the program at any time 


and then re-initiate it when desired. In doing this the plant should 
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not be left uncontrolled or in an unsafe condition. 

Control programs should handle real-time problems rather than 
function solely on the basis of apriori decisions and sequences. The 
programs could simply transfer control to the operator whenever an 
unexpected problem arose or could handle the problem automatically. 

Every effort should be made to assist the project engineer in 
utilizing the program. Development of a high level language oriented 
to process control is considered essential. Terms and operations which 
are familiar to the project engineer should be used. Testing facilities 
for online program debugging and other changes should be provided 
especially in cases requiring extensive input or complicated sequences 


of operations. 


re Features Provided for the Computer System Engineer 


The cost of developing software support for individual appli- 
cations has dictated a need for generalized programs which are readily 
adaptable to accommodate various types and sizes of plant operations, 
various computer operating systems and various types of software 
Support. In addition, they must be easily used by a project engineer 
with little or no computer experience. 

Techniques that can be used to aid system generality include 
modular construction, distinct easily changed software interfaces 
between the program and external hardware or software, and the use of 
widely supported computer languages. In some cases these techniques 
will be less efficient than ones employed in a system designed for one 
particular application but the loss in efficiency is offset by a gain 


in generality. 


1 usd | \noFtibnos stseenu ns nt vo bsifovsnoom ste! sd ton 
neds verter emafdorg snit-le9x ofbasd bluod2 amsyporq foxrnod 
adT .eeomeupse brs enor2fosb imoirgs Ho 2tead sit no ylatoe aorsonut 
ie Vavenorw yoss1s0q0 edd 03 [oxinod ysTenéys vi qinte biuoa 2mBtpOTg 
) guifsobtemostus mafdorqg ond ofbned bluoo 10 S2a15 msidovg besseqxonu 
nt veentpno Sootorg sit t2t226 ot sbsm od bluode IyoTts yrevs 
besnsiv0 spsupna! fovsl ptr s to suamgolsysd .msypoyq one pntsitity 
ott 2nofdevedo bas enveT .[sitns2es bavebtznoo et foitneo 2ze001g of 
2etsifton? pnttes’ .beev 9d bfuode y99ntpns Jos~ovg sit of r6rl Tmt a6 
pabivora 9d bluode 29pnsnio yoo bas pnippudeb meyporq snrino tot 
esonsups2 batssiiqmoo yo Jugnt svienstxs pniviupsy 29269 nf \ylisfosges 


.2notts1sqo to 


yoontond mateye yssugqmod ont 10t bsbtvo1 2owssest €E-S 


~Fiqqs feubivibnt vot tvoqque siswitoe pnigelaveb to Jzoo siiT 
i thes 76 flotdw emsypovg bosi[sisnop yot besn 6 bodstorb esa enotiso 
eenottersqo Jnsia to 2ast2 bns esqy? eVoit6y sisbommooos of ofdetqsbs 
Siswitoe to 2eqvi 2vofyev brs emsseaye pnaiisysdo ysdyqmoo evot tev 
yeentpns Jo9fov 6 yo beev vitesse sd teum ysdt .norsibbs nl .tyoqque 
.99nShiSqxe yotuqmon on to STIsil ddtw 

sbufoni ystlsvsnep metzye bre ot bseu od ns2 tsdt esupindosl 
2sosTtisint si6witoe bepnaia yl tase Jonisetb .nortouvienos yelubom 
to Sau ot bab .syswiT0e 10 o16wby6n Tarristxe bis msigo1q sj noowded 
eouptndoa seat 29265 9moz2 nl ~29psuens! ysiugmeo bodsoqque yf sbiw 
_ Sno oT bengtzsb. mateye 6 ni bsyolqme. 2an0 neds Frsiartts 2eo) od fhiw 
nip bd Jeetto et yonsis M9 nt c2ol sdb tod nottsattags +s fu2tt16q 


“Vitisvonep nf 


164 


By programming distinct functions into individual modules the 
various capabilities of the program become clearly defined. Should it 
be required to add or modify modules the task is then better defined 
and the work is concentrated on a particular area of the system rather 
than requiring changes throughout the system. Modules are particularly 
helpful when making changes to program size and configuration. 

Software interfaces are merely small modules which handle 
I/O between the application program and the system hardware or system 
Support programs (see Figure 2.1). Such interfaces facilitate changes 
when implementing the program on different computer systems or when 
Changes are made to the computer system on which it is presently 
running. 

Normally, high level languages (eg. FORTRAN compiler) are 
Supported by more than one type of computer and hence programs written 
in such languages can be used more widely. As mentioned, such 
languages are inefficient when compared to assembler coding, however, 
efficiency has been sacrificed for generality. 

To assist the user in programming the supplied system a method 
of coding should be made available in terms which are familiar or easily 
understood by him. The coding should incorporate symbolic referencing 
where possible, eg. symbolic references to I/0 device addresses. Error 
diagnostics are essential and "self-documenting" coding reduces the work 
greatly. 

In some cases it will be necessary to replace hardware or 
system executive functions available through manufacturers by less 


efficient but more general programming. This is especially apparent in 
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Figure 2.1. USE OF SOFTWARE INTERFACES 
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the field of operator communications which can tie up the CPU with 
relatively slow operation. On specific systems I/0 is made more 
efficient by use of buffering or asynchronous operations. This is 
highly dependent upon the computer and to rely on the technique used 
by a particular manufacturer would place a severe limit on attaining 
a general system. 

Another key feature to consider is the provision for future 
System expansion and development. All possible requirements should 
be looked at and even if not provided immediately the system should be 
structured to facilitate later addition. Table oriented data areas 
which are accessible to many programs and are readily expanded is one 
Such technique that may be used. 

In programming a process control system, particular attention 
Should be paid to execution time and efficiency of core usage versus 
the type of program. Programs can be categorized as online or offline 
and repetitive or once thru. A repetitive online program should be 
more carefully designed with respect to execution time and size whereas 
an offline program run infrequently, eg. data input, would not have to 
be as carefully controlled. 

Another consideration in system design is the response time 
of a program, the main difference being whether the program is stored 
in bulk storage or is core resident. For control of "fast" processes 
response time is critical whereas this is not the case if the time 
base of the process is hours. Relatively fast responses should be 
given to operator requests so that he may proceed quickly about his 


job. On the other hand, should the program request operator information, 
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it should be at the operator's convenience to enter the response not at 

the demand of the computer. This is keeping within the concept that 

the computer is a tool and only represents part of the operator's job. 
A process control system should recognize that changes 

during the maintenance and optimization phase of a project are essential. 

All possible considerations should be made to aid these changes rather 


than making them an undesirable facet of operation. 
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CHAPTER III 
PHILOSOPHIES, OBJECTIVES, AND POSSIBLE ALTERNATIVES 
IN DESIGNING A DISCRETE ACTIVITY MONITOR PROGRAM 


o.t) slntroduction 
This chapter considers the general specifications and features 
of a system to implement computer control of discrete processes such as 
plant start-up, batch operations, etc. Problems of this nature are 
characterized by thousands of steps which must be coordinated into a’ 
dynamic real-time project. The basic objectives of the design plus the 
alternatives which were evaluated are presented here. 
The discussion in this chapter is organized into the same five 
general phases followed in most design projects (see Figure 1.1): 
1) overall organization 
2) detailed planning 
3) testing 
4) implementation 
5) project maintenance and improvement 


Each of these topics is dealt with in the following sections. 


3.2 Overall)Organization) of thesProject 


In general, most projects are organized and planned on several 
levels. The highest, most general level is usually a management 
responsibility; the intermediate level involves more detailed design and 
specification by engineers; and the most detailed level can frequently 
be implemented by technicians. It is important that any organizational 


scheme facilitate and coordinate action at all these levels. It is not 
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desirable to have one approach for project management and another as a 
basis for computer application. 

In large discrete operations, there are always several inde- 
pendent steps which can be done in parallel instead of sequentially. 
It is important that the organization show where such conditions exist 
so that advantage may be taken of them to facilitate and speed 
execution. 

The method chosen for organizing the application must also 
clearly show constraints such as in sequencing (ordering), resource 
allocation, and target dates. When choices within the constraints may 
be made, the best choice would result in a time optimal project duration. 

Network analysis, a widely accepted management tool] with 
broad applications in handling projects composed of many levels and 
many details has been adopted for project organization. 

The volume or amount of detail is the principal factor which 
leads to difficulties in organization and coordination of the many 
levels of planning. Several levels can easily be seen in one applica- 
tion, eg. start entire plant # start plant feed system + start pump 2 
close switch. 

The levels within an application must be clearly defined so 
that steps or decisions made on one level are independent of any other 
levels. For instance, the time at which a feed system is to be started 
is decided relative to other steps in starting the plant. However, on 
a more detailed level, the procedure for starting a pump is not 
dependent on when the feed system is started. Thus a person planning 


the start-up of a plant needs only to decide that the feed system has 
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to be started and when; he does not have to know the mechanics of 
starting a pump. These details may be assigned to a different level, 
1.e. person. 


(4) 


The arrow diagram’ ’, a graphical representation of the pro- 
ject as a network of activities can show a true picture of the steps 
involved at any level. It provides a flexible format and is realistic 
in representing any concurrent paths within a project. Any constraints 
on the project such as sequencing, resource limitations or target dates 
may be clearly shown. 

Network analysis includes procedures for analyzing and eval- 
uating a project. Prominent among these are cpm (4) | pert 4) , and 
ramps (4) routines. 

It is concluded in this work that network analysis techniques 


can and should be adopted as the basis for computer control of discrete 


events. 


3.3 Detailed Planning - Programming 


After the overall application has been represented on a broad 
Scale as a network, in terms familiar to management, it is necessary to 
subdivide it into smaller steps or instructions until it is recogniz- 
able as individual steps that can be programmed for execution by a com- 
puter. This maintains the system concept of breaking any large project 
into subsystems until each subsystem is capable of being handled as a 
Single entity. 

It is an objective of this project that the specification of 


the individual steps does not require any prior programming knowledge 
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from the process personnel who have planned the application to this 
point. Hence the programming, i.e. implementation of the planning, 
must employ techniques which are oriented toward the computer layman. 

Even at relatively high levels of programming language the 
user is still faced with programming thousands of individual steps. 
In order to further assist him, the use of macro level instructions 
and symbolic referencing is recommended. In his application there 
will be several strings of steps which are identical in function but 
specific in where they are applied. For example, turn on power to 
pump motor, wait, check for normal operation, proceed or try restart 
is the common procedure followed in starting most pumps. The user 
Should have the ability to combine such recurring steps into a macro 
instruction or its equivalent with the necessary parameters to make 
it general. 

The user should also be able to add instructions specific 
to nis application to the standard instruction set provided witn the 
system. 

The ability to alter the program steps quickly and easily 
is essential. This should not require a complete program reload but 
be accomplished by specifying a particular instruction in a particular 
activity to be changed. Provision should also be made to change a 
parameter or a set of parameters, for example, a desired set of steady 
state operating conditions, with a single table entry rather than 
having to change the parameters at every point in the program that they 
are used. 


Four different approaches to producing a user oriented 
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computer language have been investigated. They are the assembler, 
higher level languages such as FORTRAN which are compiled, the inter- 
preter, and the table driven processor. Briefly, some of the advan- 
tages and disadvantages of each are: 

1) assembler - instructions are converted into machine 
language on essentially a one to one 
basis. Macro capabilities and compile 
time options greatly extend the power 
and attractiveness of assemblers. 

advantages -assembler programming is highly flexible 
and can be very efficient with respect 
to the use of core space and execution 
time. 

disadvantages - assembler coding requires an 
experienced programmer. 

- a separate assembler is required for 
each different computer, i.e. assembler 
coding is usually machine dependent. 

- programs must be re-assembled after 
any alteration, i.e. a complete program 
reload. 

2) compiler - instructions are translated from high 
level statements to several machine 
language instructions, eg. FORTRAN. 

advantages -the high level statements require less 


programming time and expertise. 
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- because of the translation procedure 
the statements of a compiler language 
can be standardized and thus supported 
by several computers. 
disadvantages - conversion to machine language 
usually results in lower efficiency 
than assembler coding. 
- alterations in programs require 
recompilation. 
interpreter - source code is examined at execution 
time and translated into an appropriate 
set of instructions every time it is to 
be executed. 
advantages -since the program remains in the source 
form it is easily modified and edited 
online. 
disadvantages - often slow since every execution of 
an instruction requires time for "“inter- 
pretation" as well as the extra core 
required for the interpreter program. 
table driven processor - consists of a set of general 
routines which have been written in, or 
compiled into machine language. Routines 
utilize user specified parameters which 
are supplied in a standard format or 


table. 
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advantages -permits online editing of parameters. 

-routines written in a compiler or 
assembler language are only compiled 
or assembled once and only exist in 
core or on disk once. 

-data deck is of minimum size since only 
essential parameters and options are 
specified. 

-new routines easily added. 

-high or low level instructions (routines) 
are possible. 

disadvantages - general routines are less efficient 
(core and execution time) than a 
Specific one. 

It was decided to sacrifice efficiency in execution time and 
core storage for the more user oriented features provided by a high 
level, easy to learn, easily modified language. A table driven pro- 
cessor was chosen since it is easily implemented and modified itself. 
Also the use of a table driven processor lends itself to "fill in the 
blanks" type programming which has already proven successful in the 


process industries, eg. prospro 2), 


3.4 Normal Program Execution 
geae Pe oLntroauction 


Normally, as shown in Figure 1.1, the phase before execution 


is project testing, but for a better understanding of the requirements 
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24. 
in testing the execution concepts will be discussed first. 

The discussion of the objectives and alternatives which 
follows is grouped into the major areas of program development. 

3.4.2 Scheduling of Activities 

The problem is to supervise, in real-time, a multi-step 
project in which the steps are constrained as to sequencing but are 
sometimes flexible in that several may be executed simultaneously. 
The sequencing of the activities within a project can be affected by 
unplanned occurrences. The duration of a project will depend on one 
sequence of activities, the critical path, which stretches from the 
Start to the end of the project. However, because of the possibility 
of real-time problems and mistaken apriori estimations of activity 
duration neither the critical path nor the project duration should be 
assumed. 

The scheduling of the activities is a major problem which 
Should ideally be handled by the monitor program. Besides the con- 
straints on the ordering of activities within the network, there can 
also be constraints on resources as previously discussed. However, 
within all constraints there will sometimes be choices as to which 
among several activities to execute and the program should make these 
choices with a time optimal project duration as its goal. 

If the monitor program can carry out all the activities in 
accordance with the user's detailed network diagram then the user's 
programming job is reduced to specifying the steps for individual 
activities. He does not have to program or arrange activity sequenc- 


ing. Also the sequencing and activity specification functions are 
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Separated, i.e. he can change the sequence of activities by modifying 
only the network or he can change the details of any activity alone 
without affecting the network. 
3.4.3 Efficient Execution of Concurrent Activities 
It is frequently desirable to have the computer supervise 
several separate activities at one time since in most projects there 
are several activities which can be implemented in parallel and there- 
fore reduce the time required to complete the project. However, this 
raises the problem of how to allocate the CPU time efficiently among 
the activities. The simplest approach is to allow only one activity 
to be in progress at a time and the task of arranging the order of the 
activities would be left to the user. This would result in a very 
Simple program. The more complex program would supervise several 
activities at once and as mentioned divide CPU time efficiently among 
them. 
The implications to the user of the method chosen can be 
illustrated by an example of starting three pumps simultaneously. 
The major steps for starting one pump are: 
1) turn on power to pump motor 
2) wait 
3) check for normal operation 
4) proceed or try restart 
Identifying the various steps by S,(X) for step X in starting pump n 
the various basic sequences to carry out the operation are: 
1) “single sequential chain" 
SECTS seta) pes Ip Sua) ) SHEL) arsLiia ko syta, 
TOM EM SOn SE. Sat 


oe 


es 

mut Ge 

enn nee ee 3.1 ,batersgse 

shots ydividoe uns 10. 2fisd9b arit spnédo 62 si 10 Arouden odd yino a 
whowten 9d pnttostts Juodsiw 


2etdivissA Snevwoned to nofsyoexd tngioitts €,8.€ 


getwrsque vetuqmoo sit eval ot ofdertesb ulinsupert et 31 
syst 2tosto1g t2om ni sonfe omit sn0 Js 2sitivisos stersqee Is19vae2 
-syanid bas folfsyeq af bodomatqnt sd nso dotnw 2gttiviios [steve2 S16 
2tdd ,wevewoH .Jo9(ov4 ont staf gmap of beifupsy smry ond soubsy svt 
poms yfsastaitts emis UI2 odd atsnol—s of wod to mafdorg sit ante 
vtivises sno ylno wolls oF ef rosovags tzelqmie ont . 2ettivisos ont 
oft Yo WSb10 snd pnipnsiv6 to Y2s7 OAT bas omit 6 Ja eesvpONg nt 9d -o3 
yiev 6 ni tives bluow 2tdT .v9ev ond 03 Jtof ed bluew 2ottivisas 
fevavse s2tvrsque bfuow méypovg xelqmoo siom onT .msyperg ofqnre 
proms. ylineizitts omit UID sbivib bonofinsm 26 bys sano is 20'S tvt326 
mart 
9d neo nezora borddom sid to ysau 9AJd od 2nofdsotiqme ont | 
syfevosnsslumi2 eqmug ssiit pnisysse to sf qmsx9 ns yd botesteulit - 
:9N6 gmug ono pnfiyede yt eqote totsm ott 
sotom qmuq ot yewoq no nw (Tf 
stew {S | 
norssvago Isnrion yot Agena (£ 
dust25y yt 10 bess01g = (fh 
f gmuq enisyes2 ni X gate rot (X) ,2 yd egote evoirsy sat pofytiinebl 
916 nordsysqo add Ivo Y1169 oF 299neups2 Dtesd evotrisv ont 
| "nisdo [sttnoupse sipnte” (1 ’ : 
MEV? (SB) g2 CMe (Mp2 e(E)p2 CS) 2 . (1) ;2 — 
(Mp2 (Ep? (Sg (1.2 (Bee 


. 


(A e 


At a minimum, this method will take the sum of the times required to 
Start the three pumps individually and the computer will be idle 
during steps such as the wait. Also, a delay in starting pump 1 would 
cause equal setbacks in starting pumps 2 ard 3. 
2) "single chain with user control of parallel 
sequencing" 
Slee ica se oesmiganic).05,(4)505,,(3)) 
SENS SVEN eae 
In this case all pumps are started simultaneously but the checking is 
done for one pump at a time so a delay in one pump will cause delays 
in the one(s) following. Note, however, that one wait period serves 
all three pumps. It would be possible to make the checking parallel 
but this would require the programmer to set several flags, a task 
which should be avoided. This approach to programming discrete 
activities has simplified some existing monitor systems. 
3) "three distinct chains working in parallel with 
monitor controlling the parallel execution" 
Soa San Say HED 
SON ae Seen Se 
Spee 2 beac) 
The monitor will control execution. If it hits a wait period, it may 
go on to another activity (chain of steps). The user specifies the 
network which defines the relationship between the three activities 
and the steps required in each activity. Since they are the same steps 
in this case, he would probably just have to change a few parameters in 


order to have the procedure developed for pump 1] also apply to pumps 2 
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and 3. Once again it should be noted that the tasks of sequencing and 
programming are independent and can thus be modified separately. 

The duration of the longest single activity (critical path) 
is the duration of the project. The monitor required becomes a complex 
Supervisory program but savings in user programming plus overall project 
duration make it attractive to the user. 

3.4.4 Provisions for Unexpected Real-Time Problems 

Real-time problems, besides throwing off apriori estimates of 
the critical path and project duration, may also upset plant operation 
in interacting applications (eg. if the cooling medium pump to a heat 
exchanger fails several minutes after it is started then some of the 
Steps following should be "held" rather than implemented). 

Real-time problems in plants are normally handled by 1) shut- 
ting down the plant, or 2) holding the plant at a safe status until the 
error is fixed, then proceeding. 

When under computer control, the possibilities that exist 
are: 

1) shutdown a) the plant, or 
b) the program and continue on manual 
operation 
2) total suspension of the monitor 
a) correct the situation and re- 
initiate the monitor from the point 
of suspension, or 
b) correct the situation and direct 
the monitor where to re-initiate 


execution 
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3) partial suspension of monitor 
- let the unaffected activities con- 
tinue, then re-initiate the SUS~ 
pended ones either at the point of 
Suspension or at a new location 

Offline plans can be totally disrupted by unexpected occur- 
rences so that special provisions in the monitor will be required to 
handle them or turn the situation over to the operator to correct 
manually. Whatever the case, the plant cannot be left in an unsafe 
condition. 

Since the computer can execute many activities faster than a 
human operator can respond, any scheme to permit operator intervention 
or partial control must: 

1) utilize a system of flags (logic options) which 
will force the computer to wait at specified points for instructions 
from the operator, or 

2) check each step against a list of permissable opera- 
tions before implementing it. 
Furthermore, the process operator must have the option of changing the 
flags or list as he wishes rather than having this done exclusively as 
an offline task. 
3.4.5 Operator Communications 

The process operator must be recognized as the key figure in 
controlling the plant. He must know or be able to find out any informa- 
tion the computer has about plant conditions or program status. He must 


also be able to inform the program of any data or decisions during 
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normal execution. During error conditions as discussed in the previous 
section, he may have to take control of the plant, correct the situa- 
tion, and then return the plant control to the computer program. He 
may also have to direct the monitor to begin execution at any specified 
point in the network in case that in fixing the error the plant opera- 
tion progresses or regresses without the knowledge of the monitor. 

Because of the dynamic nature of discrete operations, an 
extensive operator communications system will be essential. Large 
amounts and varied types of information transfer can be expected, both 
to and from the operator. Some information, eg. error conditions will 
have to be relayed immediately. Control statements from the operator 
should also be recognized quickly. Less urgent information, eg. logs 
and standard progress reports as well as normal operator responses to 
programmed questions should not delay activity execution. 

A specially designed operator's console used to enter or 
retrieve data would be highly beneficial. Certain functions, such as 
standard operator program control could be automated via a console. 

The console could have cathode ray tube (CRT) displays, NIXIE tubes, 
and status registers for fast I/0. Typewriters would be utilized for 
extensive data input and hardcopy output. 

Another desirable feature would be to separate messages 
intended for the computer system personnel from process messages to the 
plant personnel. Separation of error messages from progress reports 
and data logs is also preferable. 

Accepted methods for efficient I/0 are buffering and 


asynchronous operation between the CPU and I/0 devices. Buffering 
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involves storing the output and sending it out character by character 
as fast as the peripheral device can receive it under the control of 
an interrupt initiated driver program. Meanwhile the CPU is free to 
continue working (with periodic interruptions from the peripheral 
device indicating it is ready to accept another character from the 
CPU). Asynchronous operation requires hardware (data channel) which 
once initiated carries out the I/0 operation without direct instruc- 
tions from the CPU. Both operations require more complex operations 
in hardware and/or software. 

Although buffering and asynchronous operation are desirable 
features, they are not always available. For instance in FORTRAN 
‘write' statements to the line printer on the IBM 1800 system, program 
execution is held up until output is completed. In order to avoid 
holding up execution of the monitor program with non-buffered, non- 
asynchronous output it is desirable to hold all non-urgent messages 
until activity execution has ended. 

When operator response is required, rather than holding up 
all execution in the monitor, he should be allowed to enter the data 
at his convenience, including the ability to anticipate a question and 
enter an unsolicited response. This allows him to go about his other 
responsibilities using the computer as a tool rather than scheduling 
himself around the computer. 

3.4.6 Purpose for a High Speed Monitoring Module 

Under some conditions it is desirable that the main control 

programs of the discrete activity monitor should only be in core 


periodically for a set maximum time rather than be permanently core 
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resident. This would be the case in order to start-up a process using 
"background" time on a computer that is executing other priority pro- 
grams, eg. DDC or in the case of processes requiring several hours for 
start-up during which the computer is to be available to other users. 

However, in most applications there are several steps that 
require higher speed monitoring than could be efficiently provided by 
a non-core resident program. A need for a smaller core resident pro- 
gram with high speed monitoring capabilities is evident. Such a pro- 
gram could be given definite tasks such as checking various critical 
points in a plant for alarms, updating high resolution clocks or 
timers set by the main program, and limit checking of control variables. 
All tasks would be of short durations but require constant or rapid 
surveillance. Then, if a clock times out or an alarm was recognized, 
a service program could be called immediately into core to take care of 
the situation. 

The high speed program would take a very small part of the 
total CPU time and core memory, but would allow the larger slower pro- 
grams to be suspended from time to time without endangering the plant, 
thus freeing the computer to execute other programs. 

3.4.7 Accommodation of Changing Operating Conditions and Procedures 

Another unique characteristic of discrete operations is the 
wide variety of procedures which must be followed from time to time as 
the initial state of the plant and the desired final conditions are 
varied even slightly. For instance, there can be multiple starting 
(or initial) conditions for any one processing unit and each of these 


conditions might require a different start-up procedure. Two approaches 
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may be taken when such an operation exists: 

1) Organize and program a separate network for each 
different set of procedures. 

2) Define all alternatives as subsets of the most 
rigorous or "cold start" procedure. The program could then execute 
a specified subset from the one large network. Common data tables 
containing frequently changed parameters such as set-points, alarm 
limits, and control constants could then also be initialized with 
the proper data set before a specific run. This would alleviate the 
need to provide separate computer instructions with hard-coded para- 
meters for each different procedure. A monitor system which used 
data easily accessed by multiple utility programs would greatly 
facilitate this feature. 
3.4.8 Basic Operations to Provide in the Instruction Set of the 

Discrete Activity Monitor 
The basic operations required of a discrete activity monitor 

can be divided into two categories. The first applies to any process 
control program: standard process I/0 features, arithmetic and logi- 
cal operations for control calculations and limit checking plus a 
certain amount of program communication. The second category is 
restricted to more discrete operations: 

a) logical operations - choices as to procedure in the 

network. 
b) wait periods - wait for a specified time or until 
some condition occurs. 


c) extensive operator communications 
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d) ability to execute user written (eg. FORTRAN) 
programs at certain points in the network. 

An option, the equivalent of "in-line coding", to allow the 
addition of statements from another computer language, eg. FORTRAN 
would add to the computing power available in the system. 

Even if all these features are provided it is still important 
to make provision for the addition of user specified instructions 


particularly on the macro level. 


3.5 Program Testing/Debugging - Operator Training 


Prior to implementing a computer controlled application, it 
will be necessary to insure that there are no errors in the network 
logic or activity programming. In order to find some errors, it will 
be necessary to simulate actual operation and this should be possible 
without affecting normal plant operation and preferably without having 
the long wait periods required in real execution. 

Execution in a test mode should allow the user to change the 
program online without altering the entire data set. Options such as 
table dumping and stepping through the execution would help in tracing 
errors in trouble spots. The ability to re-execute any portions of 
the network without having to execute the whole network would also 
save much time in debugging. 

In order not to affect the process during a test run, the 
user's program would not be allowed to send process output or change 
any constants in normal programs which might be controlling the plant 
while a test is in progress. The test mode would be used as new pro- 


cedures were adopted before actual implementation. This would permit a 
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gradual evolution from manual to automatic control. 

All the facilities available as test options would permit and 
be extremely helpful in operator training. An operator could execute 
the program in test mode and learn the various options, features, and 


methods employed without endangering normal plant operation. 


3.6 Project Maintenance and Improvement 


The final phase to consider in the development of a project 
is the constant updating and improving of the overall application. 
Several of the procedures established in the present manual operating 
mode will probably be changed after experience is gained with computer 
control. Also, normal changes to process conditions will require up- 
dating in the programming. 

Changes will be made within the program to better accommodate 
a specific application. Features which aid the user in evaluation of 
the performance of the system and his programming will be essential. 

In general, features which record usage of various system functions 

plus log actual values of variables, eg. activity durations, which are 
initially estimated by the user would be required. Any error conditions 
or uncommon operations should also be recorded for later analysis. 

An outstanding feature of the network concept is that parts of 
the network can be debugged and implemented at a time. The application 
can thus be set up in modules and implemented as required rather than 
having to wait until the entire project is complete. In view of the 
large size of most applications, and the usual shortage of trained 


manpower, this is an extremely important feature. 
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The following chapter contains the description of ADAMS, a 
prototype program based on the design discussed in this and the pre- 
ceeding chapter. ADAMS was used to evaluate some of the alternatives 
and was implemented to include a majority of the basic concepts con- 


sidered essential in a discrete activity monitor. 
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CHAPTER IV 
ADAMS - ALBERTA DISCRETE ACTIVITY 
MONITORING SYSTEM 


4.1 Introduction 

This chapter deals specifically with the ADAMS program, a 
working prototype developed as a part of the work to apply computer 
control to process operations consisting of discrete steps such as 
plant start-up. The chapter first presents an overall view of ADAMS, 
then deals with each general phase involved in implementing the 
system on some application. Project organization, detailed planning, 
features of the ADAMS program, testing, and project optimization are 
each discussed in detail in order to inform a user how to implement 
the ADAMS program to his application. The section on the ADAMS pro- 
gram is intended to give the user enough information about its 
functions and concepts to use it intelligently. Program details are 


documented in the ADAMS program user's mandate. 


4.2 Overview of ADAMS 

The user's first step in implementing ADAMS is to represent 
his application, eg. start-up, as a network of activities where each 
activity performs an independent function (see Figure 4.1(a)). Next 
the activities are programmed using ADAMS unit functions (see Figure 
4.1(b) and (c)). Unit functions are a set of routines available in 
the ADAMS program which permit a high-level, user oriented, program- 
ming approach. A CPM analysis calculates apriori estimates of 
activity latest start times which along with the network speci fica- 


tions and unit functions for each activity form the basic input data 
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6) Top: Simplified Network 
b) Middle: Expansion of an Activity into U.F. 
c) Bottom: Expansion of a U.F. Into a Parameter String 


Figure 4.1. EXPANSION OF A PROJECT NETWORK INTO 
ACTIVITIES AND UNIT FUNCTIONS 
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files required by ADAMS. Several offline, or batch processing type, 
utility programs are available to facilitate data input, system 
initialization, etc. 

The principal online or real-time programs which comprise 
the ADAMS system are designed to run in’a timesharing or multi- 
programming environment. However, a small, core resident, high speed 
monitor performs frequent checks on critical variables in the process 
and updates any high resolution timers required for the application. 
The ADAMS real-time executive, used to schedule and execute the 
activities, is composed of two larger programs which are executed at 
a user specified interval but for not more than a set period of time, 
eg. they could be run every minute with a 5 second maximum execution 
time. 

Activity scheduling is automatically handled by the ADAMS 
executive which, within the constraints of the network specified by 
the user, strives for a time optimal project duration. This relieves 
the user of a significant amount of programming found in some systems 
of this type. 

In addition to the executive and high speed monitor, pro- 
grams have been written to make operator communications and program 
control possible. This permits the user, in the initial programming, 
to include messages to the operator concerning progress in the network 
as well as asking the operator to enter information, eg. a desired 
setpoint, which is not available during the programming. The operator 
may also request program status, etc. and, if he chooses, eg. during 


error conditions, to halt or hold various parts of network execution. 


| na > Dh 
an’ al . . § 7 ' 
my eritezenorg Moded 10 sane Tsvave2 .2MAGA yd bovtupay es 
fistzye .duqnt steb otstiftost of sidefreve ov6 amevpo1g yar tty 
.os9 ,nortestistsint 
Ssefrqmoa natdw emsyporq smrs-{597 YO entino Tsqtoniyg sat 
-i3Tum vo pniveneemts s nt muy od benpresb 916 moveve 2MAGA oft 
besde npid .tnebtzev s10> ./ [ane 6 -VSvawoH . Inamnorivins pr imme yQ01g 
aesoorg odd ai 2aldsfasy (sotsiva no edagdo Insupsy? emnot19q sod tnom 
morssatfaqs ott vot bsitupsy ‘enemts nottufoesy det is 2osebqu bn 
att stusexs bas ofubsrioe of Hoeu , oviduooxs omrs-fssy OMAGA ont 
#s batu29xs O16 datdw emeypovg yspie! awd to boeoqmos ei _esisivitos’ 
,omtd to botyaq S62 6 nedd stom ton yot Jud levysiat bettrosge wel 6 
noFsvoexe mumtxem bnoose @ 6 Atiw atuntm yisve nuy 9d biyos yons .p9 
. omrt 
2MAGA od vd beTbnsd ylleatsemojus ef pativbernse yeivrsioA . 
vd battfosqe Ayowtsn ods to 2infersenoo ans nidtiw ,fotlw avisuaexe 
soyetioy 2tnT .dorteywb tostorg Tsmtigo smft 5 40? zavinte .19ew ons 
amaszy2 smoz ni bauot pninmevperg to Jnvoms JnsoMinpte 6 to 1920 ont - 
aqui atta to 
~org .104¢nom basqe fpid brs avfsuoexs ant od nord rbbe nl | 
meyporg bas enoitsotnymmos yoJsysqo sasm ot noddinw need sven 2B 
-patmmsyporg Msttint sit nb .voel odd etimeq 2tat .sidteeoq Fovsnoo 
Jvowsan ont nt zeovpoyq patmisdn0d Yosereqo sas od espnezom sbufont oF | 
pavizsb 6 .e9 .nortsmrotnt vain oF yotsyago ent patiles es: flow 26 
wose18g0 SAT .prinms1povg edd pni-wb sfdslfsve Jon at Hoidw .tntoqtee 
pniwb .ps .2o200f of t¢ ,bns .239 , 2udet2 merpotq teoupey coals yem 


-noFtuasxs Ayowisn to 2disq euotrey bfort 10 ded Od , 2nofsibae2- vo 


eg. 


Hence the operator can still intervene in the programmed sequence to 
overcome any unexpected real-time problems, a feature which is highly 
desirable in any process control program. 

The ADAMS program also contains a test mode which permits 
execution of the program without affecting any part of the plant. 
The several options available in the test mode facilitate program 
debugging and operator training. 

Provisions which encourage system and user program modi fi- 
cation to facilitate project re-evaluation and optimization complete 
the overall project design approach considered essential in adopting 


new systems such as ADAMS. 


4.3 Organization of the Application to be Supervised by ADAMS 


Network analysis techniques are employed for project 
analysis, Organization, and coordination. The concepts used are 
important not only in the organizational phase, but have been utilized 
to a high degree in the on-line portions of the ADAMS program. 

Initially it is necessary to define exactly which steps must 
be taken and the order in which they must be carried out to achieve h 
the desired end. This, considering the thousands of steps involved 
on a detailed level of planning plus the many interactions present a 
formidable managerial problem. 

Network diagrams (see Figure 4.1(a)) provide a flexible, 
realistic, approach for modelling the application. The arrow diagram 
defines all the possible interactions and sequencing restrictions 
within the network but does not define a fixed sequence or timetable 


of activities. This is important since any relatively complex project 
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contains several orders in which it could proceed, some of which are 
more advantageous than others with respect to shortening overal] 
project duration or optimizing use of physical resources. 

The project is set up using increasing levels of detail. 
For instance consider start-up of a large chemical process. At the 
highest level of planning, management personnel would consider the 
overall problem and construct an arrow diagram illustrating the 
Sequence in which the various component unit processes should be 
started, eg. unit 5A then units 5C and 6E simultaneously. These steps 
could then be separately sent to other groups for more detailed plan- 
ning. Each group would then draw a network diagram defining what is 
involved at that lower level, eg. in starting unit 5A (a distillation 
column) one activity is to start the feed system. The activities on 
this level could once again be divided and a network drawn for each, 
eg. in starting the feed system for unit 5A an activity is to start 
pump P-28. Thus the activities become progressively more detailed 
until they can be defined by instructions to ADAMS, i.e. the unit 
functions. The overall network can then be assembled from its 
various subnetworks until the total project is represented on the 
most detailed level. 

An important feature of this concept is that work on one 
level is independent of work on other levels. Using the above example, 
assume group 1 is assigned unit 5A and group 2 has unit 5C. A higher 
level of planning has decided that unit 5A is to be started first, 
relative to unit 5C, and this decision could be changed without 


affecting the planning of groups 1 or 2. Similarly group | might 
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decide to change the time at which the feed system should be started, 
how it is started, or how pump P-28 is started and can do this with- 
out affecting group 2 or the group planning on a higher level. Con- 
sequently, work can proceed on several levels simultaneously without 
conflict. Once the highest level of planning decided that unit 5A 
had to be started its planning could proceed, allowing work or the 
feed system to begin and eventually planning for the start-up of pump 
P-28 would begin. 

The most detailed level at which an activity must be defined 
is dependent upon the level of ADAMS unit functions available to the 
user. This final level of detail defines the actual activities 
scheduled and executed by ADAMS. A single activity is assumed to be a 
string of unit functions that are to be executed sequentially although 
the user may initiate parallel steps provided he looks after the 
sequencing himself. However, as described in the example of starting 
three pumps simultaneously (see Section 3.4,3), it is easier to allow 
the system to handle parallel steps. 

The final step in project organization is to estimate the 
duration of each activity and then perform a CPM analysis on the net- 
work. This can be done manually or by any standard CPM program which 
generates the estimated overall duration of the project plus the 
latest start times (LST) for each activity. The LST is the latest 
time an activity may begin without extending the estimated project 
duration. The LST's indicate the relative priority of uninitiated 
activities and are used by the ADAMS executive in an effort to achieve 


a time optimal overall project duration. 
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The organizational phase is now finished. The project is 
defined as a network of activities and a priority, i.e. the LST, has 
been obtained for each activity. The next phase will include pro- 
gramming each activity in terms of unit functions and entering the 


data into the appropriate ADAMS files. 


4.4 Activity Programming 


Once an activity has been defined it is programmed by 
selecting the appropriate series of ADAMS unit functions (see Table 
4.1). Unit functions are simply separate generalized routines which 
make up a table driven processor used to implement a user oriented 
programming language within ADAMS. The user merely specifies which 
unit function(s) he wants in the activity and provides the proper 
set(s) of arguments, i.e. the unit function identification number and 
parameters (see Figure 4.1(c)). Hence a unit function is dependent 
on a particular ere iiesting only in its set of user specified 
parameters. 

Unit functions give the user low level capabilities such as 
basic arithmetic operations used for control calculations plus logic 
operations which will compare and branch to any specified unit function 
within the activity. Unit functions also provide higher level 
capabilities such as process I/0 or "wait" for a given period. Also 
on a high level, unit functions can be used to drive other ADAMS 
modules, in particular for operator communications and high speed 
monitoring. 

Although several generally applicable unit Finee ose are 


included in ADAMS, it is very simple to add new ones. Hence should a 
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TABLE 4.1 


LIST OF STANDARD UNIT FUNCTIONS 


AVAILABLE IN ADAMS 


FUNCTION 

START ACTIVITY 

END ACTIVITY 

WAIT N SECONDS (LOW RESOLUTION) 

PERFORMS INTEGER AND REAL ADDITIONS 
PERFORMS INTEGER AND REAL SUBTRACTIONS 
PERFORMS INTEGER AND REAL MULTIPLICATIONS 
PERFORMS INTEGER AND REAL DIVISIONS 


UNCONDITIONAL OR LOGICAL SKIP +N UNIT 
FUNCTIONS 


SET UP HIGH RESOLUTION TIMERS OR REQUEST HIGH 
SPEED MONITORING AND LIMIT CHECKING OF SOME 
PROCESS POINT, OPTION TO EXECUTE A SPECIFIED 
ROUTINE WHEN TIMER EXPIRES OR AS RESULT OF 
LIMIT CHECKING 


CHANGE OR READ ANY WORD, OR BITS IN ANY WORD, 
IN A SPECIFIED DDC CONTROL LOOP 


SENDS MESSAGES AND WILL WAIT FOR REPLY FROM 
OPERATOR 


PROCESS OUTPUT ANALOG OR DIGITAL 
PROCESS INPUT ANALOG OR DIGITAL 
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user find repeated use for a particular routine normally accomplished 
using several unit functions or requires a unit function specifically 
tailored to his application he may write and add his own unit func- 
tions. Thus both the efficiency and the capability of the ADAMS 
language can be increased. 

After the activities are programmed the network data 
(initial and terminal event numbers), the CPM results (activity latest 
start times) plus the activity programming (unit function ID's and 
parameters) must be input to the appropriate ADAMS bulk storage 
tables. The input program used for this function reads the data from 
cards (see Figure 4.2) and performs error diagnostics on it before 
placing it in the proper file. 

General error checks such as for the correct type (integer 
or real) and number of parameters are included in the ADAMS prototype 
program. Other more explicit error checks could be added by the user. 
Also a symbolic method of addressing widely used parameters, eg. 
process I/0 points, logical device numbers, etc. should be added. 
Then if a certain parameter is changed the user would not have to go 
through every unit function to see which anes use that parameter. 

A final, as yet unmentioned type of input involves messages 
which are provided by the ADAMS system or are included by the pro- 
grammer for operator communication during the online execution. Al] 
such messages are stored in a library and can be accessed by the 
operator communications module. 

Having input the data, the user may now run the ADAMS pro- 


gram either in the test or normal operating mode. 
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Delimiter indicating end of data set 


Latest start time for activity 
138-565 


Terminal event number for activity 
138-565 


Number of activities terminating at 
initial event 565 


Initial event number for activities 
876-732, 876-122, 876-341 


Control card indicating network 
definition data follows 


a) Data defining network 
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* ACTIVITY PARAMETER TABLE *  ** 
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kk 


Unit function to complete activity 


Unit functions which make up activity 1 unit 
function per card 


Unit function to start activity 

‘A’ indicates new data, card contains header 
information for activity 876-732 with a 
latest start time of 1 


Control card indicating activity specification 
data follows 
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"Terminate Activity" unit function 


fe a END OF DATA * ** 
Control card indicating no further data 


Unit function to read analog input point 1425 
in activity 341-7 


b) Data defining which unit functions to be executed in each activity 


Figure 4.2. EXAMPLE OF INPUT DATA FOR NETWORK*USED TO 
EXERCISE ADAMS 


* network shown in Figure 4.1. 
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4.5 ADAMS Online Programs 


ADAMS is composed of several programs (see Figure 4.3) each 
of which have separate functions. The heart of the system is the 
ADAMS real-time executive which handles the scheduling and execution 
of the activities. It is run at a user specified frequency for not 
more than a set maximum execution time. Supporting programs such as 
the high speed monitor which executes at a much higher frequence and 
the operator communications program, which is queued as required, 
can be requested to perform their functions from within the executive, 
i.e. by the unit functions. Another group of programs such as the 
operator communications module used for data input and programs 
which permit operator control over the executive are requested by the 
operator himself. 

The ADAMS system makes use of an existing direct digital 
control (DDC) program at the University of Alberta for process moni- 
toring and analog input/output operations. This program is core 
resident and operates at a higher interrupt level than ADAMS. In 
applications such as plant start-up it is assumed that control will be 
transferred to DDC once the discrete start-up operations are completed. 
The ADAMS interface to the DDC program could be easily changed to 
accommodate an equivalent user's program. 

The various functions in ADAMS have been modularized into 
separate programs and have been given separate priorities and allow- 
able execution times (see Figure 4.4) in order to run in a time- 
sharing or multi-programming environment which supports background 
work. The overall system is highly table oriented and uses in core 


table overlays from bulk storage files extensively. A detailed 
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EXECUTE 
ADAMS 
INSTRUCTIONS 
WHICH FORM 
ACTIVITIES 


PHYSICAL PROCESS OR APPLICATION 


Figure 4.3. FUNCTIONAL LAYOUT OF ADAMS PROGRAMS 


Op 


PRIORITY 
LEVELS 
(DESCENDING) 


DDC PROGRAM HAART 


1, —> <—_—— 


HIGH SPEED 
MONITOR 


ACTIVITY 


SCHEDULING AND WG | 


EXECUTION AT 


OPERATOR COMMUNICATIONS 
AND CONTROL progRaMs* Ls ~<A —“‘“C;*~*~*~*~*~*~*~:C”C”C”C*™zS 


VARTABLE ——> “salons 


BOOKKEEPING* | Betic defines which 


BACKGROUND* 


ene-tostdent sts -tin, The _complate table —, 


AT, cycle time for DDC program, eg. 1 sec. 
AT. cycle time for high speed monitor, eg. 2 sec. 


AT maximum time allowed for execution of real- 
time supervisor, actual time taken could be 
less, eg. 5 sec. 


AT, cycle time for activity scheduling and 
execution, eg. 60 sec. 


* Note: under multi-programming executive system these functions 
can be overlapped. 


Figure 4.4. ADAMS TIMESHARING STRUCTURE 
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explanation of the tables used and how they are updated from files 
is available in the ADAMS program user's Ter POU 
The online execution may begin after the network data, CPM 
analysis results, unit function I.D.'s and parameters, and the 
messages for the ADAMS library have been entered. Normally the first 
phase would involve testing ADAMS, however, for the sake of clarity 
the details concerning normal operation will be discussed first. 
Each of the major functions provided in the ADAMS system is described 
in the following sections. 
4.5.1 ADAMS Real-Time Executive 
Activity Scheduling 
The scheduling of activities (i.e. deciding when execution 

should be initiated) is controlled by the network data which is 
stored in the sequence table. The sequence table defines which 
activities have to complete before any particular activity may be 
initiated. Baealise of the large table size only a small portion of 
the sequence table is core resident at any time. The complete table 
in bulk storage “read only" files remains unaltered throughout the 
execution. The core version or segment of the table is constantly 
updated as progress is made through the network. The in-core 
sequence table is flagged and manipulated to indicate activity status: 

1) activities required to have completed before 

initiation 

2) not initiated 

3) in progress 

4) completed 


When an activity can be initiated, i.e. when there are no 
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more activities to complete before it may be initiated, its name 
(initial and terminal event numbers) and priority (latest start time) 
are transferred into a buffer. This buffer may hold several 
activities which have been given the go ahead for execution but have 
not as yet been entered into the execution table. Should room not be 
available in the execution table the initiated activities are queued 
until an activity in the execution table completes. Activities are 
moved in order of their latest start times when such space becomes 
available. Hence critical activities are started while the remainder 
are queued. 

Queuing the activities in order of their latest start times 
gives the executive the flexibility required in controlling a real- 
time process. The latest start times are interpreted as a relative 
criterion for starting one activity versus another. Hence if an 
activity in an ordinarily non-critical string of activities falls 
behind schedule in the real-time execution, its latest start time 
will indicate when it is more important to start it than an activity 
on a more critical path as estimated offline. This means the 
executive will give an ordinarily lower priority activity preference 
of execution if by doing so the overall project duration may be 
shortened. 

As activities are completed their status is updated in the 
sequence table in core and parts of the core table are periodically 
overlayed by the succeeding parts from the files. 

Activity Execution 
Once an activity name has been transferred from the buffer 


into the execution table it can be processed. The table may hold 
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several activities at once and all will be processed concurrently. 
Because of the high speed of the CPU the number of activities which 
can be executed concurrently is usually limited by the amount of 
core space allocated to the table. The activities in the table are 
processed in order of their latest start times so the more critical 
activities are given more CPU time if so required. 

The execution table (see Table 4.2) in core represents a 
small portion of the table contained in a 'read only' file. For 
each activity in the core table, there is a certain amount of header 
information such as the activity name, latest start time, flags to 
indicate the activity's status plus a real and an integer register 
which can be accessed by unit functions within that activity so that 
information may be passed from one unit function to another, even if 
they are not both in core at the same time. The remaining part of 
the table holds one or more unit functions for that activity. 

As new activities are initiated and as the processor steps 
through the strings of unit functions the core table is updated by 
information overlays from the files. Hence the more unit functions 
the table can hold (a system variable restricted by core space) the 
less frequent the overlays. The more activities the table can hold 
the fewer activities have to be queued, therefore, the better the 
chance for shortening overall project duration. The desirable number 
of activities the table should hold can be determined by examining 
the sub-critical paths of the network. For example, if four sub- 
critical paths have overall durations similar to the critical path, 


room for five activities would be recommended. 
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When activity execution begins (see Figure 4.5), the most 
critical activity 7s processed first. The executive executes one 
unit function after another within an activity until: 

1) the activity is terminated, 

2) a "wait" (explained below) is encountered, or 

3) the time allotted for activity execution expires. 
In cases (1) and (2) the execution is switched to the next highest 
priority activity and it is processed in a similar manner. The 
execution continues until all the activities have been processed and 
are in a suspended state or as mentioned in case (3) the allotted 
time expires. 

The "waits" referred to above include any operation in 
which the CPU would be rendered inactive such as during slow I/0 
operations. This includes operator communications and waits within 
an activity (eg. wait for five minutes or wait until variable one 
reaches a value of N). When a unit function containing such an opera- 
tion is encountered, it can initiate action and then tell the execu- 
tive to begin processing the next activity. If an operation involv- 
ing a wait is expected to be fairly short (eg. analog process I/0) 
the executive can be instructed to process the next unit function 
in the next activity then return to the first activity immediately. 
All the instructions to the executive are contained in the unit 
functions and require no programming by the user. 

In short, activity execution has been designed to handle 
concurrent activities, processing them on a priority basis, and to 
overlap wait periods in any activity with executable operations in 


others. This avoids delays in execution of one activity due to a 
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Activity execution begins, executive goes to first activity 
in table, i.e., most critical activity as table is arranged 
in order of latest start times. 


Get pointer which indicates which unit function should be 
executed next. 


Execute unit function. 
Unit function completed, go to next unit function. 


Encountered "long wait" unit function, eg. low resolution 
wait N sec. or wait for operator response, go tc next activity. 


Encountered "short wait" unit function, eg. high resolution 
wait N sec. or wait for signal from high speed monitor, set 
flag to return, go to next activity. 


"Activity complete' unit function encountered, go to next 
activity or return to process any short wait unit function 
which have been encountered. 


Completed last unit function of activity in table, overlay 
Space in table allocated for unit function by the next unit 
function and continue processing activity. 


Time allotted for activity execution has expired or no further 
unit functions remain to be processed, exit. 
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wait in another. Should there be no executable operations the execu- 
tive will suspend itself, freeing core for other programs. 
4.5.2 ADAMS High Speed Monitor 
In designing the activity execution moduie to run at a set 
frequency with a maximum allowable execution time, a problem arose 
whenever a situation required continuous surveillance or high resolu- 
tion timing. This would not be possible when the executive had been 
suspended for a long time, eg. fifty-five out of sixty seconds. To 
overcome chi a separate high speed monitor (HSM) module was written. 
The HSM is given the highest priority in the ADAMS system, is core 
resident, and is typically executed every one or two Becontist 
The monitor has three separate functions which can be 
requested by the user via the appropriate unit function: 
1) update timers | 
2) digital input with bit checking 
3) DDC status bit checking 
Depending upon the result of the bit checking, or a timer timing out, 
the HSM can carry out any of four user selectable routines: 
1) “initiate digital output, eg. open a switch 
2) change a word or bit in a DDC loop 
(this provides a very wide range of control 
options) 
3) set a flag for the ADAMS executive 
4) queue a specified user written program 
As mentioned, options within the HSM are selected by special 
unit functions. For instance a user may request a timer be set up so 


that in 37 seconds a particular routine is executed. The unit 
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function gives the necessary parameters to the HSM which looks after 
the rest. The high speed monitor is also used for process status 
checking. It carries out its own digital input but relies on the DDC 
program to take care of the analog input and associated limit check- 
ing of the value received. These functions can be used as process 
alarms or as signals to ADAMS that a certain process condition has 
been achieved, eg. when the level reaches Lo Switch the pump off. 

The HSM is composed of two modules, the first does the 
timer updating and process status checking, the second contains the 
routines and is executed only when requested by the first module. 
Module one would normally be core resident, executed at a one or two 
second frequency; module two could be kept in bulk storage if core 
restrictions were a problem. 

The capability provided by the HSM to carry out long 
periods of waiting or monitoring external to the actual unit func- 
tion execution means that operations initiated by unit functions 
can be continued: 

1) when other unit functions are being processed so 
that concurrent activities are feasible 
2) when the main ADAMS executive has suspended so 
that action may be taken at any time required on 
either a preprogrammed or "polled interrupt" 
basis. 
4.5.3 Operator Communications 

A complete and efficient communications system between the 

operator and ADAMS is of prime importance to the success of the 


system. The communications are handled largely by two separate 
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modules, one for operator input and one for output from ADAMS. 
Messages leaving ADAMS are initiated either by a unit function, i.e. 
the user or by the ADAMS executive to inform the operator of some 
change in status. The input module, which is queued by the operator, 
stores the information given by him in bulk storage for subsequent 
retrieval by the unit function. 

Two types of messages are sent by the ADAMS executive. 
Short system error messages, composed only of a set of parameters, 
will be sent directly from within the executive without going through 
the large output module. These messages may be decoded to find the 
cause and location of the error as well as appropriate error recovery 
steps (note: such messages include "table full" warnings which 
indicate certain operations have to be queued until table space is 
available but do not require operator attention). The second type of 
message sent by the executive are longer and utilize the outgoing 
message module. Such messages may be delayed slightly since activity 
execution is given a higher priority. Such messages quite often are 
explanations of the shorter messages described above. Messages 
sent by unit functions are also routed through the outgoing message 
module. 

When a message is to be sent to the operator, the unit 
function or the executive places certain parameters in a table located 
in a fixed core area. The parameters indicate the identification of 
the message to be sent, the debug class (explained shortly), the 
record number of any file containing data to be sent with the message 
and, in the case of a unit function, the location of an operation 


complete flag to indicate to the unit function when the message has 
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been output or when operator data entry has been completed. The out- 
going message module is then queued and executes, whenever core space 
can be made available, using the parameters from the table. After it 
sends out the message, it may give an operation complete to the 
specified flag or if operator response is required it will set up 
parameters concerning the identification of the response, the logical 
unit it is to be entered on and the location of the operation complete 
flag to be set after the input is complete. The module then exits. 

When the operator is ready to answer a question posed by a 
unit function, he queues the incoming message module. This means 
that at no time does a program in ADAMS demand immediate input and 
instead "waits" until the operator is ready with the answer. Hence 
the executive and other programs may continue while any number of 
unit functions are waiting for operator input. The operator enters 
the identification number and then the data requested by the unit 
function. The message module stores the data in a bulk storage 
file and flags the operation complete flag with the record number of 
the file in which the data is stored. The next time the executive 
processes the unit function, the data can be retrieved and execution 
can be continued in that activity. 

Other features of the communication system include an 
option by which the operator can set flags to eliminate unwanted 
messages and another option allows the operator to enter unsolicited 
messages. As mentioned each message can be given one of ten debug 
levels. The operator may request that all messages on any level be 
cancelled. Hence a user could include many messages, especially 


valuable for testing or operator training, and then selectively 
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cancel them without re-programming his application. The levels may 
be turned off and on during real-time execution so should trouble 
crop up during execution the operator could allow all the diagnostic 
messages to be sent which would normally be filtered out. The 
option of entering unsolicited responses allows the operator to 
anticipate a routine request and answer it before it is asked. This 
would allow the operator more freedom to then go about his other 
tasks plus saving time in the activity execution. 

In summary, a message, with or without a request for opera- 
tor response, will not hold up execution of other activities nor will 
it hold up execution of other programs. Also the process operator 
may enter data at his convenience rather than have to respond 
immediately to requests from the computer. 

4.5.4 ADAMS Modes of Operation 

In order to edredtave plant operation in times of problems, 

eg. equipment failure, three alternatives were considered: 

1) suspend or "hold" ADAMS execution 

2) restart execution at a safe place in the network 

3) shutdown the operation 
These options permit the plant operation to be suspended temporarily 
to recover from error conditions, then restart the execution or else 
shutdown the plant. 

Hold 

The hold mode is implemented so that control of the applica- 
tion may be withdrawn from ADAMS in whole or part and turned over to 
the operator. Three types of holds are available to the operator: 


1) hold initiation of events 
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2) hold initiation of activities 

3) hold execution of activities 
The three holds are designed to give the operator maximum control 
over and flexibility in the execution. 

An event is a node in the network diagram which marks a 
point where one or more activities terminate and one or more 
activities may begin. The initiation of an event occurs after all 
activities which terminate at that event have completed. The 
placing of a hold on the initiation of an event means that none of 
the activities which begin at that event are allowed to be put into 
the execution table. Hence a hold on the initiation of events 
allows all activities which have been initiated to complete, but 
WILT not permit new activities to Start... This option, permits. the 
operator to implement any network as a series of separate steps. 

The second type of hold, an initiation of activities, has 
much the same effect as a hold on initiation of events but it is more 
selective. Holding initiation of activities means that any activity 
which can be started as a result of another activity(s) completing 
is not transferred into the execution table. This does not restrict 
the execution of any activities which have already started. This 
hold is more selective in that individual activities may be held 
whereas for the hold on events several activities could be held when 
one event is held. Both holds can be used to freeze parts of or the 
entire network at a prespecified location. This would be helpful 
to the operator who, after several activities had completed, wanted 
to hold further action until he checked out the plant, or correct 


some instrument failure, before allowing execution to resume. 
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The third hold, on execution of activities, is more useful 
for correcting problems which have occurred within a particular 
activity. A hold on activity execution halts the execution of unit 
functions in the activity at the first "safe" location encountered, 
hence this hold actually affects the unit functions. The user has 
the option, during activity programming, to set a “not safe to hold" 
flag in the unit functions. For instance, in starting a reactor it 
might be essential to continue executing the unit functions once a 
certain point is reached. The executive will not hold unit function 
until it has checked to make sure it is in a safe condition. A hold 
on execution of activity(s) can be initiated either by the operator 
or from within a unit function which has recognized an error (eg. 
unit function to change a word in control loop 122 of the DDC pro- 
gram cannot find the loop). If the unit function requests a hold, 
it is placed on a particular activity regardless of the "not safe 
to hold" flag since continuing might worsen an error condition. 

The ability to place any of the discussed holds on the net- 
work, release the holds, and request the present status of the opera- 
tion with respect to holds is provided for the operator in a separate 
operator queued program. Each of the holds can be put on in three 
degrees: 

1) to affect the overall network 
2) to affect the overall network excepting specified 
locations 
3) to affect only specified locations. 
This gives the flexibility required when only parts of the network 


should be held. For example, an operator upon discovering an error 
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could hold all activity execution. Then, as he has time to determine 
the extent of the error or as the plant recovers he can release cer- 
tain specified activities from the hold. 
Restart and Shutdown 

ADAMS has no provision as yet for automatically restarting 
the activity execution in specified locations of the network. This 
is considered a necessary function and should be implemented during 
further development of ADAMS. At present, the shutdown is envisaged 
as a separate network which would be executed if recovery from an 
error condition was not considered feasible. With the present ADAMS 
program the user must program his own logical checks on the plant 
operations and specify transfers to specific unit functions or to a 


hold mode.. 


4.6 Testing/Debugging Options in ADAMS 


Upon completion of data entry it is possible that errors 
might still exist in the organization of the project and in program- 
ming activities. Several options are available for use under a 
"test' mode of execution to find and correct these errors prior to 
actual implementation. These options permit the user to omit any 
"wait" instructions and to execute ADAMS at computer speed and without 
affecting plant operations. Also of importance, the test mode is 
designed to facilitate operator training, i.e. familiarize him with 
the application under ADAMS computer control. 

The basic test options include: 

1) divert process output, record on peripheral device. 


2) skip over wait periods. 
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3) divert any changes to DDC loops. 

4) step through activities executing one unit function 
per activity during each scan of the real-time 
executive. 

5) online table dumping. 

6) online changes to activity unit function parameter 
table (future work). 

The test mode can also initiate holds which is particularly 
helpful if the operator wishes to follow the execution of one part of 
the network at a time. | 

The test mode is very flexible in that an operator may use 
all or any combination of the options. For example, it would be 
possible for ADAMS to follow a manual operation by diverting any 
action which affects the process but allowing monitoring of the 
process and input of information as usual. 

Because it is possible to implement chosen sections of an 
overall network for computer control, testing is important to debug 
new sections while other sections are already running under computer 


control. 


ALT Project Maintenance and Optimization 


A large number of changes in operating procedures and 
conditions can be expected of any real-time process. 

In the application of ADAMS more reliable data will be 
available for planners and programmers after executing the project 
several times. For example, with better activity duration estimates 


more meaningful CPM analysis results can be obtained and the 
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scheduling of activities by the real-time executive will have more 
effect. As the project becomes more stable and reliable under ADAMS 
supervision, control limits can be optimized and the overall ADAMS 
structure and timing can be tailored to the specific application of 
the user. 

Recording of several key variables can be logged by 


peripheral programs: 


— 


) activity duration 

2) operator interventions 

3) system errors 

4) various modes of operation used 

5) equipment failures 

Several of the concepts and features employed in ADAMS 

facilitates rather than discourages making changes. As mentioned the 
network concept separates the scheduling from the programming. This 
means details can be changed easily without changing the network. 
Changes to the programming consist of changing routine parameters 
which can be done without recompleting or re-assembling the program. 
Changes to the ADAMS system have also been considered. The table 
driven approach, modular construction, and user specified program 


priorities and timing assist the user in modifying ADAMS to fit his 


application. 
4.8 Summary 


Among related systems, ADAMS is unique in that it is 
designed around and incorporates network analysis concepts. This 


provides a realistic well defined framework around which the user may 
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develop his project. The organization of his personnel and project 
planning can be divided into independent subsystems for detailed 
work, then combined into the overall project. Network arialysis is 
also utilized in the scheduling and execution of activities by the 
ADAMS real-time executive. This feature combined with the ability 
of ADAMS to supervise concurrent activities is also unique. A 
priority system, based on CPM analysis, insures that jobs which will 
eventually determine the project duration are carried out as soon as 
possible. The scheduling and execution of several concurrent acti- 
vities is automatically handled within ADAMS. The user, after 
drawing an arrow diagram for the project, has only to program the 
functions within each activity; activity scheduling, a large task 
normally programmed by the user, is automatically controlled. 
Activity programming is accomplished using a table driven 

processor provided within ADAMS. The unit functions or routines 
available in the processor are process control oriented and designed 
for use by any project engineer. Common process operations and 
system concepts such as servicing interrupts are automatically 
looked after within the easy to use high level unit functions. The 
table driven processor concept permits features such as the following 
to be easily added: 

1) online editing 

2) addition of user written instructions 

3) self documenting input processor 

4) thorough error diagnostics 

5) symbolic referencing. 


ADAMS is designed to be general and easily implemented on 
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any user's system. The use of FORTRAN and techniques to accomplish 
system functions such as queuing of operator I/0 make ADAMS inde- 
pendent of any particular system (although less efficient with 
respect to core storage and execution time). Modular construction 
allows the user to tailor ADAMS to his computer system and his 
application. This also allows the user to rewrite any function in 
ADAMS to make it more efficient (eg. rewrite into machine language) 
without affecting the remainder of the system. For example, 
. although it has presently run under a timesharing and a multi- 
partion executive at the University of Alberta, it could be easily 
modified to run on a dedicated computer. 

Overall, ADAMS presents a logical pattern for the user to 
follow. Well defined stages for project development, programming, 
testing and debugging online execution and the inevitable project 
optimization and maintenance have been individually considered and 
provided. ADAMS represents an attempt to assist the user with al] 
the major steps in an application and is not restricted to assistance 


with the computer aspects. 
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CHAPTER V 
PRACTICAL APPLICATION OF ADAMS: 
COMPUTER CONTROLLED START-UP OF A PILOT 
PLANT DOUBLE EFFECT EVAPORATOR 


5.1 Introduction 

The ADAMS programs and design concepts were successfully 
tested by simulation and by application to the start-up of a pilot 
plant double effect evaporator. ADAMS was first implemented on an 
IBM 1800 computer using the TSX operating system. For the simulation 
tests the 1800 was interfaced to an analog computer on which a model 
had been set up to simulate some aspects of a real process. For 
example, there was analog I/0 between the model and the 1800 which 
represented process signals or measurements and control signals. 
Two DDC control loops were implemented to control variables in the 
model by manipulating other variables. The functions or options 
available in ADAMS were extensively exercised using a network designed 
especially for this purpose. 

Subsequently ADAMS was converted to run under the IBM 1800 
MPX operating system. Under TSX all the ADAMS programs ran in the 
variable core area (V-core) which had 9.7 K 16 bit words. The entire 
core size was 32 K, the remainder of which was occupied by the executive 
and other system programs such as the DDC program. The machine size was 
expanded to 48 K and the MPX system adopted. Under MPX, the core is 
partitioned into several areas which are different sizes and normally 
assigned different priorities for the programs executing in them. 


Extensive use is made of disk bulk storage and the core swapping ability 


of MPX. 
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70. 
ADAMS is presently composed of 12 coreloads, the largest 


of which are the two which form the ADAMS real-time executive. Each 
of these require approximately 9.7 K words of core memory which includes 
the FORTRAN I/0 package; 8.5 K is suffice if the FORTRAN I/0 is included 
in the systems program area. The ADAMS programs reside in approximately 
50 K words of disk bulk storage. File space, a variable dependent upon 
the application for the evaporator start-up, requires approximately 
25 K words. During execution the real-time executive was limited to 
twenty seconds of CPU time in any forty-five second period and the high 
Speed monitor was executed every second. These figures, also dependent 
on the application, were chosen using the evaporator start-up as an 
example. 

In order to demonstrate its capabilities when applied to a 
real process, ADAMS was used to start up a pilot plant double effect 
evaporator. This application is the subject of the balance of this 


chapter. 


5.2 Evaporator Description 


The pilot scale evaporator (see Figure 5.1) concentrates a 
blended, preheated, water-triethylene glycol feed stream from about 
.032 weight fraction to a final product normally about .101 weight frac- 
tion. The evaporator consists of two effects which are connected in a 
forward feed scheme, the product from the first effect becoming the feed 
for the second effect which produces the final product. The heat required 
to concentrate the glycol solution is provided by high pressure steam 
introduced into the first effect. 

The first effect of the evaporator is a calandria type in 


which the boiling fluid circulates naturally by convection. The second 
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effect is a long tube vertical type on which the fluid is circulated 
by an external pump. Other major components of the plant include the 
feed (product) storage and blending system, the cyclone separator and 
condenser. The feed or product storage consists of four tanks, three 
of which hold concentrated glycol solution and one which holds water. 
The concentrated product from the second effect is cooled and returned 
to the solution feed tanks and the condensate from the condenser and 
second effect steam chest is returned to the water feed tank. The 
feed distribution and product recovery configurations can be modified 
by repositioning the solenoid and hand valves. 

The two feed streams, water and concentrated glycol solution, 
are pumped from the tanks through steam preheaters and then blended 
into one stream which enters the first effect. Heat is supplied to the 
first effect by steam which enters the steam chest from a building supply 
line. After the solution leaves the first effect (typically a 5 - 10 
minute residence time) it is piped to the second effect. The ine Gear 
the boiling solution in the first effect is piped overhead to the second 
effect steam chest where it serves as the heating medium. 

The solution in the second effect is recirculated by a pump 
through three, 6 foot, vertical tubes. Heat transfer is made possible 
by a vacuum which is maintained in the condenser and separator and has 
the effect of lowering the boiling point of the solution. Heat transfer 
is also aided by the forced recirculation of the solution through the 
heating tubes. The recirculating solution passes through a cyclone sep- 
arator which assists the vapour in escaping from the boiling fluid. The 
vapour is drawn into the condenser, condensed, and returned to the evapo- 


rator feed tank. Concentrated product is drawn off the recirculating 
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Ves 
stream, cooled, and pumped back to aie concentrated solution tanks. 
Standard operating values are outlined in Table 5.1. 

The evaporator is fully instrumented with two concentration 
analyzers, three level readings, two pressure readings, nine flowrate 
measurements and thirty-seven temperature readings. It has a complete 
set of conventional controllers and is also fully interfaced to the 
IBM 1800 computer for data acquisition and control functions. The 
interface includes analog input of 11 key measurements, analog output 
to position eleven control valves, and thirty-two digital output points 


which provide on-off control for the solenoid valves and pump motors. 


5.3 Evaporator Start-Up 


5.3.1 Procedure 
Introduction 
The evaporator start-up procedure discussed below was devel- 
oped to demonstrate the overall capability of ADAMS. Hence, as many as 
possible of the sequencing and programming options of ADAMS have been 
included and the demonstration is designed to make the separate steps 
evident to an observer. Several features of the ADAMS programs are 
demonstrated in the start-up: 
1) Real-time activity scheduling by the executive 
2) Queuing of the least critical activities when there 
is not enough core to process all activities until 
core becomes available 
3) Ability to execute activities concurrently 
4) Use of the high speed monitor 


5) Operator communications system 
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TABLE 5.1 
STANDARD OPERATING VALUES 


Variable Description 


Steam flow 

Total feed flow 

First effect bottom flow 
First effect overhead flow 
Circulation rate 

Product flow 


Second effect overhead (separator) flow 


Feed concentration 


Product concentration 


First effect level 


Second effect (separator) level 


First effect pressure 


Second effect (condenser) pressure 


Total feed temperature 
Steam temperature to first effect 


Steam temperature to second effect 
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Value 
1b. /min 
Tb. /min 
1b. /min 
lb. /min 
1b./min 
1b. /min 
Tb. /min 


wt. fraction 


wt. fraction 


16.00 in. 


We 00e ins 


6.0 psig 


-17.0 Hg 


190 degrees F. 


2/7 degrees F. 


223.6 


degrees F. 
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6) Communication with aay communication programs 
eg. the DDC program 
7) Intermixing of manual and computer automated operations 
8) System initiated holds 
9) Use of non-interruptable strings of unit functions 
during critical operations which override normal 


timing of the executive. 


This start-up procedure assumes that the evaporator is to be 
run in the normal forward-feed operating configuration. The control 
system used during start-up (see Figure 5.2) manipulates the rate of 
feed entering the first effect to quickly establish and maintain the 
desired liquid level. The inter-effect flow is manipulated in a similar 
manner to control the second effect level and the final product rate 
is fixed. Once start-up has been accomplished, the control system is 
reconfigurated by ADAMS to a scheme that is more suitable for continuous 
Operation (see Figure 5.2). The operator role in the start-up is to 
carry out operations which are not handled automatically and to provide 
judgement as to process stability. 

Outline of Procedure 

The computer first ensures that the evaporator is set up 
properly for an automated start-up. The operator is asked to manually 
shut off the solenoid valves and then the computer opens the control 
relays using digital output (the manual switches and the computer driven 
relays are in parallel circuits so both must be open to turn the circuit 
off). The operator is then requested to open the hand valves on the 
utilities and feed tanks and to set the control panel to permit computer 


control of the control valves. 
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After the standard DDC “aon has been entered by the operator, 
ADAMS makes the loops inoperable-manual, and configurates them for 
start-up. The current output stations, which control the positioning of 
the control valves, are switched to the auto position by the operator 
and the computer closes all the valves. 

The procedure now ensures that steam and cooling water are 
Supplied to the evaporator. The operator is informed if proper flow- 
rates cannot be established so that he may investigate and correct 
the situation before the start-up is resumed. The pumps on the feed 
streams are started automatically and the flows are sensed to ensure 
the pumps are working satisfactorily. Once again the operator is 
informed of any discrepancies and is requested to investigate the cause. 

At this point the operator is requested to open purge vents 
on the steam chests of the two effects and live steam is introduced to 
heat the equipment and purge any inerts from the chests. 

As the steam is introduced, the level in the first effect 
is established by DDC control of the feed flow. The operator is given 
a choice of using the inter-effect pump or operating using the natural 
pressure differential as a driving force between the effects. If he 
requests the use of the pump it will be started by the computer and 
checked for satisfactory operation in the same manner as the feed 
pumps. After the level in the Ist effect reaches a specified minimum 
value the 2nd effect level is placed under DDC using the inter-effect 
flow to control it. After the 2nd effect level builds up sufficiently, 
the recirculation pump is started, the product flowrate placed under 
DDC at a fixed setpoint, and the calibration pump is turned on to return 


condensate to the water feed tanks. 
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After the time specified for steam purging has expired the 
Operator is requested to close the vent valves and the input steam 
flow is put under DDC. 

Next the vacuum utility is checked and the vacuum system 
and the differential vapour pressure loop are placed under DDC. 

At this point all the systems within the evaporator are 
running in the start-up mode with tight level control. It is possible 
to run indefinitely in this manner, however, further programming is 
provided to return the evaporator control systems to its normal 
operating mode. This is done in two steps. First, the operator is 
requested to inform ADAMS when the evaporator has reached steady 
state. At this time the control scheme is changed so that the feed 
rate is fixed, the first effect level is controlled by manipulating 
inter-effect flow, and the second effect level is controlled by 
manipulating the product flowrate. The second step is carried out 
after the operator again informs ADAMS that steady state is reached. 
The normal integral controller constants are entered into the loops 
and the feed preheater system is started under DDC. 

The final step in the start-up involves opening the 
computer controlled relays on the solenoid to permit manual manipulation. 
Explanation of the Activities 

The functions of each activity within the network (see 


Figure 5.3) are more fully described below. 


Activity 1 - 10. The ADAMS operator communications system is used to 


inform the operator that ADAMS has begun the evaporator start-up. 
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79. 
Activity 10 - 20. The operator is requested to enter the DDC table 
for evaporator control and acknowledge when it is in. The system will 
halt further execution of this activity until the operator responds 
but will continue processing any other parallel activities (in this 
case Activity 10 - 30). When the table is in, all the loops are made 
non-operable and manual and a message is sent out informing the operator 
of the present status of the loops. This ensures that if the loops 


were already present, they are initialized to an inactive condition. 


Activity 10 - 30. This activity contains the instructions to the 
operator which must be carried out manually in order to prepare the 
evaporator for start-up. The system waits until the operator acknowl- 
edges that the steps are complete. Basically this involves opening 
manual valves on the utilities to the evaporator and setting the feed 

and product recovery systems to the desired configuration. Ajiso the 
control panel must be switched to the DDC mode to permit computer con- 
trol of the automatic valves. Normally the evaporator is in the correct 
configuration so the operator will just enter that manual preparation 

is complete. At this point the system continues and turns off all computer 
driven relays for the various solenoids on the evaporator and then turns 
on the main power supply to the evaporator. These operations are carried 
out by the "process output" unit function using the digital output 


option. 


Activity 20 - 30. This is a dummy activity to ensure that both 

activities 10 - 20 and 10 - 30 have completed before activity 30 - 50 
is allowed to start. A dummy activity is used only to show sequencing 
dependencies and takes zero time. It is composed of a start activity 


and a stop activity unit function. 
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80. 
Activity 20 - 40. The two DDC loops which control the levels in the 


first and second effects are reconfigurated for start-up. Extensive 
use is made of the change loop option of the DDC communication unit 
function. The main changes made to each of the loops are to lower the 
scan rate from thirty-two to sixteen seconds, to change manipulated 
variables to the start-up configuration, to enter control constants 
for tight level control (ie. a high proportional constant with no 
integral action), and to change flags which specify what action is 
taken when the high or low limits on error, input, or output of the 
DDC loops are exceeded. The last change is made in view of the severe 
control action which could be taken with the high proportional control 
constants. Examples of changes to whole words and to individual bits 
within the DDC table are contained in this activity. When the changes 
are complete a message informing the operator of the new loop status is 


sent. 


Activity 30 - 50. A message requesting that the operator verify that 
the current output stations are in the auto mode is issued. The 
current output stations drive the I/P transducers which in turn drive 
the control valves to the desired positions. Upon operator verifi- 
cation, the unit function for process output, in this case DAC pulsed 
anolog output, is used to zero the current to all control valves. The 
same unit function is then used to open the solenoid (digital output) 
which allows instrument air to the controller and valves. The operator 


is informed of the action. 


Activity 40 - 50. Dummy activity (see activity 20 - 30). 
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Activity 50 - 60, 50 - 70. These dite used to ensure that steam and 
cooling water are available to the evaporator. The activities are 
similar and hence will be discussed together. The activities use a 
variety of unit functions, including accessing and changing the DDC 
table, digital output, utilization of some of the mathematical options, 
waiting in the high speed monitor, branching between unit functions 
within an activity, and operator communications. The activities also 
include the option which overrides the normal execution of the real- 
time executive (ie. running at a set frequency for a maximum interval 
in core). This safety feature holds the executive in core to process 
an activity which is considered to be in too hazardous a position to 
be left unattended. This option is invoked through one of the unit 
function parameters. 

The procedure used in both activities is to make the controll- 
ing DDC loop operable, open the solenoid valve on the supply line, 
open the control valve on the supply line and using the reading obtained 
from the DDC loop decide whether there is sufficient flow. After the 
control valve is opened a short wait is implemented using the high speed 
monitor unit function. The flowrate is then obtained from the DDC loop 
and compared to a fixed value. If it is not sufficient the procedure is 
repeated up to three times. The counter for the number of times the 
action has been retried is maintained by the programmer in one of the 
registers provided for each activity. If a satisfactory flow has not 
been established after the three attempts the control valve is closed 
and a message is sent to the operator informing him of the difficulty 
and requesting his intervention. The time between the opening and 


closing of the control valve is considered hazardous and hence all the 
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82. 
unit functions involved in this part of the activity are flagged 
"unsafe to leave unattended". This forces the executive to keep 
processing the activity until the valve is closed. After the operator 
checks out the situation he may request the system to retry the 
procedure or he may tell it that everything is functional and the 
procedure may be bypassed. If the flaw is detected satisfactorily 


the control valve is closed and a message stating so is sent. 


Activity 50 - 80, 50 - 90. These are very similar to activities 

50 - 60 and 50 - 70 except they are used to determine whether the 

feed water and feed solution pumps have been started successfully. 

One minor difference is that in addition to opening the feed solenoids 
and bypass solenoids on the feed system the pump is also started by 
the computer using digital output. After the pump is started the 
procedure for detecting the feed flows is identical to that used 


in detecting the steam and cooling water flow. 
Activity 60 - 70, 70 - 80, 80 - 90. These are dummy activities. 


Activity 90 - 100. This activity is used to warm the evaporator 
equipment and purge any inerts from the steam chests by injecting 
steam slowly for a couple of minutes with the purge valves in an 
open position. Since the purge valves are manually controlled 
operator confirmation that they are open is requested and then 

the steam control valve is opened using pulsed DAC output to the 
current output stations (COS). The operator is then told he may 
place the COS on manual and close the control valve and purge valve 


whenever he feels the operation is complete. The DDC loops controll- 
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83. 
ing the condensate levels are then made operable and automatic to control 
the steam condensate levels in the steam chests. Cooling water flow 


through the condenser is also initiated. 


Activity 90 - 110. Liquid levels in the first and second effects are 
established and the remaining pumps are started. The procedure 

used is to "fill" the evaporator using the feed flow as a manipulated 
variable. The first effect level control joop and its slave are made 
operable and automatic. While the level is being established the oper- 
ator is asked whether or not the inter-effect pump will be used and to 

set the hand valves around the pump to the proper configuration. When 

the operator has responded and the level in the first effect has built 

up sufficiently the second effect level control is started using the inter- 
effect flow as a manipulated variable. The inter-effect pump (if required) 
is also started by a computer actuated relay. The operator is informed 

as the levels are put under DDC. When the second effect level is consid- 
ered satisfactory the recirculation pump and the calibration pump are 


started automatically with the product flow at a fixed rate. 


Activity 100 - 130. The steam and feed water flowrates are controlled 


at fixed setpoints. 


Activity 110 - 120. The vacuum utility is connected to the evaporator. 
The same procedure employed in activities 50 - 60 and 60 - 70 is used 


in this activity. 


Activity 120 - 130. The vacuum system is placed under DDC and brought 
to the norinal operating level. The differential vapour pressure control 


of the vent from the second effect steam chest is also started. After 
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waiting briefly to allow a vacuum to be established in the system 
the second effect vent solenoid is opened. This purges the vapour 
Spaces of any inerts and thereby improves heat transfer. The high 
speed monitor is used to time the duration which the solenoid is 


left open and then to close it automatically. 


Activity 130 - 140. All systems (excepting the feed preheat) in 

the evaporator have now been started under the start-up control 
scheme. The evaporator is quite safe running in this mode and may 

be left so indefinitely by halting the execution of ADAMS at this 
point. If the operator wishes he may allow execution to continue 

and the evaporator will be brought to the normal control scheme. 

This is done in two phases, the first being the change from using the 
flows into the effects to control the levels to using the flows exiting 
the effects to control the levels. This is done after the operator 
has acknowledged that the process is in a stable condition and the 
change can be made safely. Once this change is made, the operator 
again is requested to indicate when the process has stabilized. The 
normal control constants for proportional plus integral action are 
then entered in place of the constants for tight level control. The 
feed preheater system is also placed under DDC and the start-up is 


complete. 


Critical Path Analysis 

The final stage of planning is the estimation of the 
activity durations and the subsequent CPM analysis. Table 5.2 
contains the estimates of activity durations and the corresponding 


activity latest start times. These have been obtained through a 
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TABLE 5.2 
ACTIVITY DURATION AND LATEST START TIMES 


Activity Names Durations LSL 
( sqggth HR) 

110 1 0 
10 20 58 6 
10 30 63 1 
20 30 0 64 
20 40 12 83 
30 50 31 64 
40 50 0 | 95 
50 60 17 95 
50 70 15 97 
50vacd) 5 16 96 
50 90 14 98 
60 70 0 112 
70 80 0 112 
80 90 0 112 
90 100 103 147 
90 110 107 nie 
100 130 i 244 
110 120 10 219 
120 130 22 229 
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few trial runs but could change as more reliable data is obtained 


from.the start-up. 


5.3.2 Programming the Start-Up 

Several of the general features of ADAMS discussed in pre- 
vious chapters, are clearly illustrated by this application. 

The most obvious is the ease with which a few unit functions 
can be used to accomplish a relatively complex task, i.e. that the high 
level capabilities of ADAMS unit functions are extremely powerful. 

The desirability of being able to implement "macro" type 
procedures (unit functions) has also become apparent. This is par- 
ticularly noticeable in starting pumps, an Ha eG which is repeated 
five times in this application. The addition of a user written "start 
pump" macro type procedure for the general situation would be highly 
advantageous. Unit functions which would work from a list are also 
recommended. For example, in activity 10 - 20, all the DDC loops are 
made non-operable and manual, each step requiring a separate unit function. 
One unit function which would execute a given list would be more efficient, 
both from a programming standpoint and during execution. 

Several activities demonstrate the ease of intermixirg manual 
operator functions with computer controlled functions. This capability 
is necessary in applications where automation progresses from a par- 
tially manual to a more automated state, or when it is not feasible to 
allow computer control of some functions. This is the case in activity 
10 - 30 during which the operator must position certain hand valves and 
ensure the control panel is set up for computer control. Most of these 


tasks could be automated by installation of appropriate hardware and 
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computer interfaces. However, complete automation would be difficult 
to justify economically. 

The usefulness of the "not safe to hold" flags which can 
be set in the unit function programming is obvious in activities such 
as 50 - 60. In this case the steam valve is opened to test whether 
there is flow into the evaporator. It is important that this valve 
be closed before the executive suspends operation since this could 
leave the process in an unsafe condition. 

In general, experience with unit functions has proven them 


to be easily and effectively used. 


5.3.3 Testing/Debugging 

The test mode has been used extensively and is particularly 
helpful in debugging the unit function programming while the evaporator 
is operating normally. The most useful features in such a case are the 
"trap process output" and "cancel changes to the DDC table" options. 
For example in activities 10 - 20 and 10 - 30 the computer makes the 
control loops for the evaporator inoperable and manual and shuts off 
all the solenoids, pump motors and the main power supply. Normal 
operation would have to be suspended if these test options were not 
available in ADAMS. 

The ability to bypass waits is also a desirable feature 
during testing. Waits for a specified period of time may be ignored 
to speed testing. 

Another option used extensively during testing was to step 
through an activity executing one unit function per scan. This was 
useful in activity 10 - 30 when several solenoid valves are turned off. 
Each operation could be checked out to make sure the correct action was 


obtained. 
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An option, particularly useful in conjunction with stepping 
through activities, is the ability to dump system tables which indi- 
cate how the system is working. The operator may select any output 
device he wishes to receive the dumps, thus not interfering with 
the operator's I/0 device. Examination of these tables by a system 
analyst could point out several types of difficulties the system 
might be having with an application. 

It was found that the hold options were used extensively 
during testing, both to isolate complicated areas within the network 
for inspection using the table dump options or to slow the network 
execution to the point where an operator could follow it closety for 
training purposes. An example of both these cases begins at event 
50 which initiates the activities which start the feed streams, test 
for steam, and test for cooling water. During normal execution the 
four activities occur almost simultaneously making it very difficult 
to follow individual steps. By initiating an overall hold and then 
releasing it activity by activity the operator can follow the execution 
closely. 

The test mode was found to be very flexible in that all 


or a combination of test options can be put in effect at any one time. 


5.3.4 Implementation 

At present the ADAMS programs have been written and debugged 
on both TSX and MPX systems. 

The example of the evaporator start-up as just described 
was programmed, successfully tested and debugged, and can now be used 


at any time. 
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89. 
5.3.5 Improvement of the Start-Up 

As with any new project, it is expected that several changes 
will be made to the planning, programming, etc. of the start-up procedure 
as experience is gained. ADAMS has been specifically designed to 
facilitate such changes. 

Activity duration estimates (see Table 5.2) are expected 
to be altered. This will mean the real time executive will become 
more effective in scheduling the activities as more reliable durations 
are used in the CPM analysis. This will be particularly felt in cases 
where activities have to be queued due to a lack of core table area 
required for activity processing. 

Unit function parameters are also expected to change. 

For instance activity 120 - 130 purges the inerts from the evaporator 
through the vacuum system for a set period of time. This time can 
easily be changed if so desired. 

The start-up procedure itself might be changed. For 
example activity 130 - 140 contains steps which allow steam to enter 
the feed preheaters. This is presently one of the final steps in the 
start-up. It would be possible and perhaps more efficient to allow 
this step to occur as steam is introduced to the first effect. This 
could easily be done by removing the pertinent unit functions from 
activity 130 - 140 and placing them in activity 100 - 130. 

The systems approach which is the basis of ADAMS permits a 
variety of changes to be made easily while affecting the rest of the 


application to a minimum degree. 
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90. 
59.4 Experience with the System 

The application of ADAMS as a working system to the start- 
up of the evaporator took place over a span of approximately one year. 
During this time the author was employed at an industrial computer 
installation and therefore was able to compare ADAMS to commercially 
developed systems. It is felt that ADAMS has a sound design basis 
which offers significant advantages over other approaches. The standard 
of programming, testing and debugging aids, and documentation, also 
compare favorably with industrial systems. 

The use of ADAMS to achieve a computer controlled plant 
start-up has proven a successful project. The usefulness of computer 
control in this application is particularly obvious in assisting new 
students who are unfamiliar with the evaporator pilot plant. The natural 
pitfalls of computer control such as not being programmed for real 
time failures and removal of normal operator judgement can easily be 
circumvented by ADAMS since it allows intermixing of manual and auto- 
matic operations as well as suspension of automated procedures when 
necessary. During the past year of actual operation ADAMS has proven 
to be safe, efficient, rapid, and repeatable. Naturally, with 
experience, several steps and safety checks were added to the start- 
up procedure. These changes were incorporated smoothly, with only 
isolated parts of the overall procedure being affected, as they would 
have to be for success in a commercial environment. 

Various features of the original design of ADAMS such as 
more extensive input checking and data manipulation facilities and 
a process operator's console have been deliberately omitted from the 


existing programs due to time limitations but are recommended for 


industrial use. 
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5.5 Conclusion 
Based on the use of ADAMS during its development, i.e. 
the tests using the analog model and the implementation of the 
evaporator start-up it is concluded that 
1) The network approach is well defined and easy to use. 
2) Unit functions are effective and relieve much of the 
programming load. 
3) The ADAMS programs work as designed. 
4) ADAMS has been proven suitable for meaningful 
applications and has great potential for 


commercial applications. 
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CHAPTER VI 
RECOMMENDATIONS AND CONCLUSIONS 


6.1 Recommendations 

The objective of this work was to design and implement a 
system to apply computer control to operations composed of discrete 
steps. The prototype program based on the ADAMS design has esta- 
blished the feasibility of several useful concepts such as the use of 
network diagrams. However, practical experience has also confirmed 
the need for several of the design specifications discussed in this 
thesis but not yet implemented in the program. It is felt that the 
success of ADAMS thus far warrants additional work to the existing 
program in order to make it more flexible with respect to recovering 
from process problems and more adaptable to a process's changing 
operating procedures and conditions. The present system should also 
be improved with respect to user-system interaction, i.e., improved 
communication and system documentation features. More specifically, 
the major areas for future development are considered to be: 

1) Installation of an ADAMS operator's console which 
would include digital readout, CRT displays, status switches, and 
commonly requested options on individual demand switches. 

2) Utility programs to implement features such as: 
editing the activity parameter table as it resides in storage, print- 
ing formatted process logs on demand, and compiling records of 
system usage. 

3) An operator control program to re-initialize and 
restart execution of a network at any desired location to aid in 


recovering from error conditions. 
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4) Changes to the real-time executive to allow the 
execution of subsets of a network. This would provide the flexi- 
bility required to handle situations such as the "cold" and "hot" 
initial conditions during start-up applications or the possibility 
of several batches being run on the same or different reactors 
requiring slightly different operating procedures. This flexibility 
would permit the user to represent several conditions as subsets of 
the most complex network rather than programming each of them inde- 
pendently. This feature could also be used in conjunction with 
point 3 to aid process restarts. 

5) The establishment of a common data area which 
would contain frequently changed parameters used by the unit functions. 
Hence, rather than having to modify a parameter within every unit 
function that uses it the particular parameter could be stored in 
the common table and changed only once. 

6) einen users, who are not familiar with ADAMS, start 
implementing new applications a data input processor will become 
essential. Since it is the interface between the applications 
engineer and the ADAMS programs any improvements to the processor 
will be of direct benefit to the user. Refinements would include 
its own CPM analysis program, specific error diagnostics for each 
unit function and symbolic referencing. 

7) Existing unit functions in ADAMS can be either 
"permanently" core resident or stored in bulk storage and "loaded 
on call". An extension to the input processor could be made so that 
the user has the ability to generate "in-line coding", i.e., his 


coding would be compiled, stored and executed in the same manner as 
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a regular unit function. 
Several other minor recommendations plus a more detailed 
discussion of the implementation of the above points are included 


in the ADAMS program user's manual 617) , 


6.2 Conclusions 

1) ADAMS, which has been successfully used to start 
up a pilot scale double effect evaporator, has demonstrated that the 
application of computers to the control discrete operations is 
feasible and practical. 

2) Use of network analysis techniques offers advan- 
tages: in the implementation of an executive which handles the 
scheduling and execution of steps on a real-time basis; in that it 
permits separation of the progect planning from the detailed activity 
specification or coding; and because it reduces the amount of pro- 
gramming required of the user. 

3) The most important design specifications for a 
discrete activity monitor system include: a systematic approach for 
the planning and coordination of large projects both on the management 
level and on the detailed level required for execution on a computer 
system; an online executive which can cope with unexpected occurrences 
without endangering the operation; extensive provision for operator 
intervention and communication; features which permit thorough offline 
testing of the user's application and facilitate modification to 
to accommodate changing operating conditions and procedures. 

4) The feasibility of a monitor, generalized with 
respect to the computer system on which it is run and to the applica- 


tion which it controls has been successfully demonstrated by the 
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existing ADAMS project. 
5) ADAMS represents a starting point for the develop- 


ment of a commercial system for industrial use. 
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